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PROBLEM TO BE SOLVED: To provide a magnetic 
resistance efFect element where an upper gap layer can 
be formed by reducing the current loss of sense current 
to a hard bias layer, preferentially making sense current 
flow to a sense area occupied in the center part of a 
multilayer film, improving reproduced output and 
securing appropriate insulating property. 
SOLUTION: An intermediate layer 21 formed of an 
insulating material or a high resistance material having a 
resistance value higher than that of an electrode layer 
18 is arranged between a hard bias layer 17 and the 
electrode layer 18. The electrode layer 18 is formed by 
extending it onto a multilayer film 1 6. Thus, sense 
current to the hard bias layer 1 7 can be suppressed and 
sense current can directly be made to flow from the 
electrode layer 1 8 to the multilayer film 1 6. Thus, 
reproduction sensitivity can be improved and reproduced 
output can be improved. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] An antiferromagnetism layer and a fixed magnetic layer to which it is formed in in 
contact with this antiferromagnetism layer, and the magnetization direction is fixed by exchange 
anisotropy magnetic field with said antiferromagnetism layer. Multilayers which have a free 
magnetic layer formed in said fixed magnetic layer through a nonmagnetic conductive layer, A 
bias layer of a pair which is formed in both sides of these multilayers and arranges the 
magnetization direction of said free magnetic layer in the magnetization direction of said fixed 
magnetic layer, and the crossing direction. In a magneto-resistive effect element of which a 
conductive layer of a pair formed on this bias layer is prepared, and consists between said hard 
bias layers and electrode layers It is the magneto-resistive effect element which an interlayer 
formed by high electrical resistance materials and/which have resistance higher than said 
electrode layer, or insulating material is prepared, and is characterized by moreover extending 
and forming said electrode layer even on said multilayers. 

[Claim 2] It is the magneto-resistive effect element according to claim 1 by which the laminating 
of said multilayers was carried out from the bottom in order of an antiferromagnetism layer, a 
fixed magnetic layer, a nonmagnetic conductive layer, and a free magnetic layer, said _ v 
antiferromagnetism layer is prolonged to a field of both sides of said each class formed on it, and 
the laminating of a bias layer, an interlayer, and an electrode layer of a pair is carried out through 
a metal membrane on an antiferromagnetism layer of this both-sides field. 

[Claim 3] A free magnetic layer and a nonmagnetic conductive layer in which said free magnetic 
layer was formed up and down, A fixed magnetic layer to which it is formed on one nonmagnetic 
conductive layer and in the bottom of a nonmagnetic conductive layer of another side, and the 
magnetization direction is being fixed. Multilayers which have an antiferromagnetism layer formed 
on one fixed magnetic layer and in the bottom of a fixed magnetic layer of another side, A bias 
layer of a pair which is formed in both sides of said multilayers and arranges the magnetization 
direction of said free magnetic layer in the magnetization direction of said fixed magnetic layer, 
and the crossing direction, In a magneto-resistive effect element of which a conductive layer of 
a pair formed on this bias layer is prepared, and consists between said hard bias layers and 
electrode layers It is the magneto-resistive effect element which an interlayer formed by high 
electrical resistance materials and/which have resistance higher than said electrode layer, or 
insulating material is prepared, and is characterized by moreover extending and forming said 
electrode layer even on said multilayers. 

[Claim 4] Said antiferromagnetism layer is a magneto-resistive effect element according to claim 
1 to 3 currently formed with a PtMn alloy. 

[Claim 5] Said antiferromagnetism layer is a magnetic-reluctance effect element according to 
claim 1 to 3 currently formed with a X-Mn (however, X is one-sort [ any ] or two sorts or more 
of elements of Pd, Ir, Rh, and Ru) alloy. 

[Claim 6] Said antiferromagnetism layer is a magneto-resistive effect element according to claim 
1 to 3 currently formed with a Pt-Mn-X' (however, X' is one-sort [ any ] or two sorts or more of 
elements of Pd, Ir, Rh, Ru, Au, and Ag) alloy. 

[Claim 7] In a magneto-resistive effect element which has multilayers which have a magneto- 
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resistive effect layer piled up through a non-magnetic layer, and a soft magnetism layer, a bias 
layer of a pair formed in both sides of these multilayers, and an electrode layer of a pair formed 
on this bias layer, and changes It is the magneto-resistive effect element which an interlayer 
formed by high electrical resistance materials and/which have resistance higher than said 
electrode layer, or insulating material is prepared between said hard bias layers and electrode 
layers, and is characterized by moreover extending and forming said electrode layer even on said 
multilayers. 

[Claim 8] A magneto-resistive effect element according to claim 1 to 7 from which any one sort 
or two sorts or more in TaSi02, TaSi. CrSi02, CrSi. and WSi, WSi02, TiN and TaN are chosen as 
high electrical resistance materials which constitute an interlayer formed between said hard bias 
layers and electrode layers. 

[Claim 9] A magneto-resistive effect element according to claim 1 to 7 from which any one sort 
or two sorts or more in aluminum 203, Si02 and Ti 203, TiO, WO and AIN, Si3N4, B4 C and SiC, 
and SiAION are chosen as an insulating material which constitutes an interlayer formed between 
said hard bias layers and electrode layers. 

[Claim 10] It is the magneto-resistive effect element according to claim 1 to 9 which said 
multilayers excel [ element ] in playback sensitivity and consists of a sensitivity field for a center 
section which can demonstrate a magneto-resistive effect substantially, and an insensible field 
where it is formed in both sides of said sensitivity field, and playback sensitivity cannot 
demonstrate a magneto-resistive effect substantially bad, and said electrode layer is extended 
even on said insensible field, and is formed. 

[Claim 1 1] A sensitivity field of said multilayers a magneto-resistive effect element by which an 
electrode layer was formed only in both sides of multilayers When it is made to scan in the truck 
cross direction on a minute truck with which a certain signal was recorded It is the magneto- 
resistive effect element according to claim 10 which is defined as a field where 50% or more of 
output of the maximum output was obtained among obtained playback outputs, and is defined as 
a field where insensible fields of said multilayers are the both sides of said sensitivity field, and 
an output turns into 50% or less of the maximum output. 

[Claim 1 2] Optical width-of-recording-track size O-Tw is a magneto-resistive effect element 
according to claim 1 0 or 1 1 formed with the same width— ofHBce size as said sensitivity field. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the so-called spin bulb 
mold thin film from which electric resistance changes by the relation between the direction of 
magnetization of for example, a fixed magnetic layer (pin (Pinned) magnetic layer), and the 
direction of the magnetization of a free (Free) magnetic layer influenced of an external magnetic 
field, especially stops splitting to the hard bias layer of sense current, and relates to the 
magneto-resistive effect element which can pass sense current from an electrode layer directly 
to multilayers. 
[0002] 

[Description of the Prior Art] Drawing 1 2 is the cross section which looked at the conventional 
structure of a magneto-resistive effect element from the ABS side. The magneto-resistive 
effect element shown in drawin g 1 2 is called the spin bulb mold thin film which is one sort using 
giant magneto-resistance of a GMR (giant magnetoresi stive) element, and detects the record 
magnetic field from record media, such as a hard disk. 

[0003] The multilayers 9 by which this spin bulb mold thin film was constituted from the bottom 
by the substrate layer 6, the antiferromagnetism layer 1 , the fixed magnetic layer (pin (Pinned) 
magnetic layer) 2, the nonmagnetic conductive layer 3, the free magnetic layer (Free) 4, and the 
protective layer 7, It consists of hard bias layers 5 and 5 of the pair formed in the both sides of 
these multilayers 9, and electrode layers 8 and 8 of the pair formed on these hard bias layers 5 
and 5. In addition, the substrate layer 6 and the protective layer 7 are formed by Ta (tantalum) 
film etc. Moreover, the width of recording track Tw (called optical width-of-recording-track O- 
Tw) is determined with the width-of-face size of the upper surface of these multilayers 9. 
[0004] Generally Ta or Cr film is used for said antiferromagnetism layer 1 in a Co-Pt (cobalt- 
platinum) alloy film and the electrode layers 8 and 8 by Cu (copper) film and the hard bias layers 
5 and 5 at a nickel-Fe (nickel-iron) alloy film and the nonmagnetic conductive layer 3 at a Fe-Mn 
(iron-manganese) alloy film, a nickel-Mn (nickel-manganese) alloy film, the fixed magnetic layer 2, 
and the free magnetic layer 4. 

[0005] As shown in drawing 12 , magnetization of the fixed magnetic layer 2 is single-domain- 
ized by the exchange anisotropy magnetic field with the antiferromagnetism layer 1 in the 
direction (the direction of a leakage magnetic field from a record medium; the height direction) of 
Y, and magnetization of the free magnetic layer 4 is arranged in the direction of X in response to 
the effect of the bias magnetic field from said hard bias layers 5 and 5. That is, magnetization of 
the fixed magnetic layer 2 and magnetization of the free magnetic layer 4 are set up so that it 
may intersect perpendicularly. 

[0006] In this spin bulb mold thin film, detection current (sense current) is given into multilayers 
9 from the hard bias layer 5 and the electrode layers 8 and 8 formed on five. The transit 
direction of record media, such as a hard disk, is a Z direction, and if the leak magnetic field from 
a record medium is given in the direction of Y, magnetization of the free magnetic layer 4 will 
change from X towards the direction of Y. Electric resistance changes by the relation between 
fluctuation of the direction of magnetization within this free magnetic layer 4, and the fixed 
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magnetization direction of the fixed magnetic layer 2 (this is called magneto-resistive effect), 
and the leak magnetic field from a record medium is detected by the voltage change based on 
this electric resistance value change. 
[0007] 

[Problem(s) to be Solved by the Invention] However, the following troubles occur with the 
structure of the conventional magneto-resistive effect element shown in drawing 12 . With the 
magneto-resistive effect element shown in drawing 1 2 , since the electrode layers 8 and 8 will be 
in an energization condition directly to multilayers 9, the sense current from said electrode 
layers 8 and 8 once flows in the hard bias layers 5 and 5, and sense current is easy to flow to 
multilayers 9 from said hard bias layers 5 and 5. 

[0008] That is, since the sense current from said electrode layers 8 and 8 flowed to multilayers 9 
through the hard bias layers 5 and 5, its rate of sense current of flowing to said multilayers 9 
decreased, therefore its playback sensitivity became blunt, and it had the problem that a 
playback output declined. 

[0009] magnetization of the fixed magnetic layer 2 which furthermore constitutes multilayers 9 
was mentioned above — as — the direction of illustration Y — a single domain - — are-izing, and 
although fixed, the hard bias layers 5 and 5 magnetized in the direction of X are formed in the 
both sides of said fixed magnetic layer 2. Therefore, especially, magnetization of the both ends of 
the fixed magnetic layer 2 is influenced of the bias magnetic field from said hard bias layers 5 
and 5, and is no longer fixed in the direction of illustration Y. 

[0010] That is, in response to magnetization of the direction of X of said hard bias layers 5 and 
5, magnetization of the free magnetic layer 4 single-domain-ized in the direction of X and 
especially magnetization of the fixed magnetic layer 2 are not in orthogonality relation near the 
side edge section of multilayers 9. The reason for setting magnetization of the free magnetic 
layer 4 and magnetization of the fixed magnetic layer 2 as orthogonality relation is because also 
as for a small external magnetic field magnetization of the free magnetic layer 4 is strange seal— 
of^-approval ability easily, can change electric resistance a lot and can raise playback sensitivity. 
When it is furthermore in said orthogonality relation, it is because it becomes possible to acquire 
the output wave which has good symmetric property. 

[001 1] And among the free magnetic layers 4, since it is influenced of the strong magnetization 
from the hard bias layers 5 and 5, it is easy to be fixed, to the external magnetic field, 
magnetization cannot be changed easily, the magnetization in near [ the ] the side edge section 
has become, and as shown in drawing 12 , the insensible field D where playback sensitivity is bad 
is formed near the side edge section of multilayers 9. 

[0012] Among multilayers 9, the field for a center section except an insensible field D 
contributes to playback of a record magnetic field substantially, it is the sensitivity field E which 
demonstrates a magneto-resistive effect, and the width of face of this sensitivity field E is short 
by the width-of^-face size of an insensible field D rather than the width of recording track Tw set 
up at the time of formation of multilayers 9. 

[0013] Thus, the insensible field D which hardly contributes to a playback output had to be 
formed near [ that ] both sides at the multilayers 9 of a magneto-resistive effect element, and 
this insensible field D could not but be a field which only raises a direct-current-resistance value 
(DCR). 

[0014] With the structure of the conventional magneto-resistive effect element shown in drawin g 
12 , the amount of the sense current which flows by existence of an insensible field D to the 
sensitivity field E which can demonstrate a magneto-resistive effect substantially results in 
decreasing sharply. Therefore, since said sense current of an effective dose cannot be passed to 
the sensitivity field E, it has the structure where a playback output tends [ further ] to decline 
with the rise of direct current resistance. It is thought that the problem of a fall of the playback 
output by existence of this insensible field D is further made remarkable with the future 
formation of a ** truck. 

[0015] Then, like the magneto-resistive effect element shown in drawing 13 , if the electrode 
layers 10 and 10 are made to overlap on multilayers 9, said electrode layer 10 and multilayers 9 
will change into an energization condition, and it will be thought that it becomes possible to pass 
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sense current effective in multilayers 9 from said electrode layer 10 therefore. 

[0016] In this case, in order to pass sense current from the electrode layer 10 effectively to 

multilayers 9, thickness hi of the electrode layer 10 on said multilayers 9 which made thickness 

of said electrode layer 10 thicker than before, especially are in contact with multilayers 9 must 

be thickened, and the direct-current-resistance value of said electrode layer 10 must be 

reduced. 

[0017] It is because it is the rise of the direct-current-resistance value of said electrode layer 
10 if the contact thickness hi to the multilayers 9 of said electrode layer 10 is thin, so it 
becomes easy to shunt the sense current from said electrode layer 10 toward the hard bias 
layer 5 and the fall of a playback output poses a problem as usual after all. 
[0018] As mentioned above, if said electrode layer 10 is made to overlap on multilayers 9 and 
contact thickness hi to the multilayers 9 of said electrode layer 10 is thickened, splitting of the 
sense current to the hard bias layer 5 can be controlled, and it will be thought that it becomes 
possible to pass sense current from said electrode layer 10 effectively to multilayers 9. 
[0019] However, since a big level difference will be formed between said electrode layer 10 upper 
surface and the multilayers 9 upper surface if said electrode layer 10 projects and is formed by 
thickness hi from the multilayers 9 upper surface as shown in drawing 13 , in case the up gap 
layer 1 1 made from an insulating material is formed on multilayers 9 from on said electrode layer 
10, said up gap layer 1 1 has bad step coverage, and a film piece generates it in the level 
difference section. Therefore, the problem that the insulation in the up gap layer 1 1 is not fully 
securable occurs. 

[0020] It aims at offering the magneto-resistive effect element which this invention is for solving 
the above-mentioned conventional technical problem, and enables improvement in a playback 
output as can pass with the priority to the sensitivity field which enables it to reduce the current 
loss of the sense current to a hard bias layer especially, and occupies sense current to a part 
for the center section of multilayers, moreover secures suitable insulation, and can form an up 
gap layer. 
[0021] 

[Means for Solving the Problem] A fixed magnetic layer to which this invention is formed in in 
contact with an antiferromagnetism layer and this antiferromagnetism layer, and the 
magnetization direction is fixed by exchange anisotropy magnetic field with said 
antiferromagnetism layer, Multilayers which have a free magnetic layer formed in said fixed 
magnetic layer through a nonmagnetic conductive layer, A bias layer of a pair which is formed in 
both sides of these multilayers and arranges the magnetization direction of said free magnetic 
layer in the magnetization direction of said fixed magnetic layer, and the crossing direction, In a 
magneto-resistive effect element of which a conductive layer of a pair formed on this bias layer 
is prepared, and consists between said hard bias layers and electrode layers An interlayer 
formed by high electrical resistance materials and/which have resistance higher than said 
electrode layer, or insulating material is prepared, and, moreover, said electrode layer is 
characterized by extending and being formed even on said multilayers. 

[0022] In this invention, the laminating of said multilayers was carried out from the bottom in 
order of an antiferromagnetism layer, a fixed magnetic layer, a nonmagnetic conductive layer, and 
a free magnetic layer, said antiferromagnetism layer is prolonged to a field of both sides of said 
each class formed on it, and it is desirable that the laminating of a bias layer, an interlayer, and 
an electrode layer of a pair is carried out through a metal membrane on an antiferromagnetism 
layer of this both-sides field. 

[0023] Moreover, a nonmagnetic conductive layer in which, as for this invention, a free magnetic 
layer and said free magnetic layer were formed up and down, A fixed magnetic layer to which it is 
formed on one nonmagnetic conductive layer and in the bottom of a nonmagnetic conductive 
layer of another side, and the magnetization direction is being fixed. Multilayers which have an 
antiferromagnetism layer formed on one fixed magnetic layer and in the bottom of a fixed 
magnetic layer of another side, A bias layer of a pair which is formed in both sides of said 
multilayers and arranges the magnetization direction of said free magnetic layer in the 
magnetization direction of said fixed magnetic layer, and the crossing direction. In a magneto- 
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resistive effect element of which a conductive layer of a pair formed on this bias layer is 
prepared, and consists between said hard bias layers and electrode layers An interiayer formed 
by high electrical resistance materials and/which have resistance higher than said electrode 
layer, or insulating material is prepared, and, moreover, said electrode layer is characterized by 
extending and being formed even on said multilayers. 

[0024] As for said antiferromagnetism layer, being formed with a PtMn alloy is desirable, or it 
may be formed with an X-Mn (however, X is one-sort [ any ] or two sorts or more of elements 
of Pd, Ir, Rh, and Ru) alloy, and a Pt-Mn-X' (however, X' is one-sort [ any ] or two sorts or more 
of elements of Pd, Ir, Rh, Ru, Au, and Ag) alloy. 

[0025] Multilayers which furthermore have a magneto-resistive effect layer which piled up this 
invention through a non-magnetic layer, and a soft magnetism layer, In a magneto-resistive 
effect element which has a bias layer of a pair formed in both sides of these multilayers, and an 
electrode layer of a pair formed on this bias layer, and changes Between said hard bias layers 
and electrode layers, an interiayer formed by high electrical resistance materials and/which have 
resistance higher than said electrode layer, or insulating material is prepared, and, moreover, said 
electrode layer is characterized by extending and being formed even on said multilayers. 
[0026] It is desirable that any one sort or two sorts or more in TaSi02, TaSi, CrSi02, CrSi, and 
WSi, WSi02, TiN and TaN are chosen as high electrical resistance materials which constitute an 
interiayer formed between said hard bias layers and electrode layers from this invention. 
[0027] Moreover, it is desirable that any one sort or two sorts or more in aluminum 203, Si02 
and Ti 203, TiO, WO and AIN, Si3N4, B4 C and SiC, and SiAION are chosen as an insulating 
material which constitutes an interiayer formed between said hard bias layers and electrode 
layers from this invention. 

[0028] Said multilayers are excellent in playback sensitivity, it consists of this inventions in a 
sensitivity field for a center section which can demonstrate a magneto-resistive effect 
substantially, and an insensible field where it is formed in both sides of said sensitivity field, and 
playback sensitivity cannot demonstrate a magneto-resistive effect substantially bad, and, as for 
said electrode layer, it is still more desirable to extend and to be formed even on said insensible 
field. 

[0029] In this invention, a sensitivity field of said multilayers a magneto-resistive effect element 
by which an electrode layer was formed only in both sides of multilayers When it is made to scan 
in the truck cross direction on a minute truck with which a certain signal was recorded It defines 
as a field where 50% or more of output of the maximum output was obtained among obtained 
playback outputs, and insensible fields of said multilayers are the both sides of said sensitivity 
field, and are defined as a field where an output turns into 50% or less of the maximum output. 
For example, optical width-of-recording-track size O-Tw is formed with the same width-of^ace 
size as said sensitivity field. 

[0030] In this invention, at the same time it controls splitting to a hard bias layer of sense 
current It sets to form an up gap layer on a magneto-resistive effect element, so that sufficient 
insulation can be secured to one of the purposes. There in this invention The middle class of an 
insulating material or high electrical resistance materials which has resistance higher than said 
electrode layer was formed between a hard bias layer and an electrode layer, and, moreover, said 
electrode layer was made to overlap even on multilayers. 

[0031] By making the middle class, such as an insulating material, intervene between a hard bias 
layer and an electrode layer, since splitting (current loss) to a hard bias layer of sense current 
can be reduced and said electrode layer is moreover made to overlap on multilayers, said 
electrode layer and multilayers change into an energization condition on said multilayers, and 
sense current from said electrode layer can be directly passed to multilayers. 
[0032] Although the electrode layer 1 0 is made to overlap on multilayers 9 also in the case of a 
magneto-resistive effect element shown in drawing 13 In the case of drawing 13 , between the 
electrode layer 1 0 and the hard bias layer 5 Since an interiayer is not formed, in order to pass 
sense current from said electrode layer 10 effectively to multilayers 9 like this invention It is 
necessary to thicken contact thickness hi to the multilayers 9 of said electrode layer 10, to 
reduce direct current resistance of said electrode layer 10, and to stop splitting to the hard bias 
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layer 5 of sense current. In this case, a rapid level difference occurs, between said electrode 
layer 10 upper surface and the multilayers 9 upper surface, the up gap layer 1 1 formed on 
multilayers 9 from on said electrode layer 10 of this level difference has bad step coverage, a 
film piece is generated in it, and it becomes very difficult to secure sufficient insulation between. 

[0033] On the other hand, in this invention, as mentioned above through an interlayer formed by 
an insulating material etc. between a hard bias layer and an electrode layer Even if it makes thin 
contact thickness to multilayers of said electrode layer compared with a case where are hard to 
shunt sense current from said electrode layer to a hard bias layer regardless of thickness of an 
electrode layer, therefore it is shown in drawing 13 , sense current can be effectively passed 
from an electrode layer to multilayers. Therefore, it is possible to make thin contact thickness to 
multilayers of an electrode layer, and to be able to make small level difference height formed 
between said electrode layer upper surfaces and multilayers upper surfaces in this invention, 
therefore to be able to improve step coverage of an up gap layer formed on multilayers from on 
said electrode layer, applying, and to secure sufficient insulation. 

[0034] By the way, these whole multilayers do not demonstrate a magneto-resistive effect, but 
multilayers which constitute a GMR element and the AMR element excel [ field / that / central ] 
in playback sensitivity, and only this central field is a field which can demonstrate a magneto- 
resistive effect substantially. Although it is the both sides of a sensitivity field, and a call and 
said sensitivity field about a field of multilayers excellent in this playback sensitivity and a field 
where playback sensitivity is bad is called an insensible field, a sensitivity field and an insensible 
field which are occupied to multilayers are measured by the micro truck profile method. 
Hereafter, it explains, referring to drawing 1 1 about the micro truck profile method. 
[0035] The conventional magneto-resistive effect element (refer to drawing 12 ) which has 
multilayers which demonstrate a magneto-resistive effect as shown in drawing 1 1 , a hard bias 
layer formed in those both sides, and an electrode layer formed on this hard bias layer is formed 
on a substrate. Said electrode layer has structure formed only in both sides of multilayers. 
[0036] Next, width-of-face dimension a of the upper surface of multilayers which an electrode 
layer covers and have not hung with an optical microscope is measured. This width-of-face 
dimension a is defined as the width of recording track Tw (henceforth optical width-of- 
recording-track size O-Tw) measured by optical means. 

[0037] And record a certain signal by minute truck on a record medium, a magneto-resistive 
effect element is made to scan crosswise [ truck ] on a minute truck, and relation between 
width-of-face dimension a of multilayers and a playback output is measured. Or a record- 
medium side with which a minute truck was formed may be made to scan crosswise [ truck ] on 
a magneto-resistive effect element, and relation between width-of-face dimension a of 
multilayers and a playback output may be measured. The measurement result is shown in the 
drawin g 1 1 bottom. 

[0038] When this measurement result is seen, near the center of multilayers, a playback output 
becomes high and it turns out near the flank of said multilayers that a playback output becomes 
low. Although a magneto-resistive effect is demonstrated good and it participates in a 
regenerative function near the center of multilayers from this result, near [ that ] a flank, a 
magneto-resistive effect gets worse and it can be said that a playback output is low and a 
regenerative function is falling. 

[0039] In this invention, a field formed with the width-of-face size B on the upper surface of 
multilayers which 50% or more of playback output generates to the maximum playback output 
was defined as a sensitivity field, and a field formed by having the width-of-face size C on the 
upper surface of multilayers which cannot generate only 50% or less of playback output to the 
maximum playback output was defined as an insensible field by it. 

[0040] Thus, multilayers are setting to one of the purposes to pass sense current with the 
priority to a sensitivity field which can demonstrate a magneto-resistive effect substantially by 
this invention in consideration of consisting of a sensitivity field and an insensible field. So, in 
this invention, it was presupposed that an electrode layer made to overlap on multilayers is 
extended on an insensible field. 
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[0041] If an electrode layer is extended and formed even on an insensible field, an insensible field 
is avoided, it is possible to pass sense current with the priority to a sensitivity field, and a 
playback output can be raised more. However, even on a sensitivity field, said electrode layer 
must not be extended and must not be formed. It is because it leads to a fall of noise generating 
and a playback output so that it may mention later. 
[0042] 

[Embodiment of the Invention] Drawing 1 is the cross section which looked at the structure of 
the magneto-resistive effect element of the 1st operation gestalt of this invention from the ABS 
side side. In addition, drawin g 1 fractures and shows only a part for the center section of the 
element prolonged in the direction of X. This magneto-resistive effect element is a kind of a 
GMR (giant magnetoresistive) element which is called a spin bulb mold thin film and used giant 
magneto-resistance. This spin bulb mold thin film is prepared in the trailing side edge section of 
the surfacing type slider formed in the hard disk drive unit etc., and detects record magnetic 
fields, such as a hard disk. In addition, the migration direction of magnetic-recording data 
medium, such as a hard disk, is a Z direction, and the direction of the leak magnetic field from 
magnetic-recording data medium is the direction of Y. 

[0043] The substrate layer 19 formed by non-magnetic materials, such as Ta (tantalum), is 
formed in the bottom of drawin g 1 . The laminating of the antiferromagnetism layer 20, the fixed 
magnetic layer 1 2, the nonmagnetic conductive layer 1 3, and the free magnetic layer 1 4 is 
carried out on this substrate layer 19. And the protective layers 15, such as Ta (tantalum), are 
formed on said free magnetic layer 14. Multilayers 16 are constituted by each class from said 
substrate layer 19 to a protective layer 15. As shown in drawing 1 , the width-of-face size of the 
upper surface of said multilayers 16 is formed by T30. 

[0044] By forming said fixed magnetic layer 1 2 in contact with the antiferromagnetism layer 20, 
and giving annealing in a magnetic field, the exchange anisotropy magnetic field by switched 
connection arises in the interface of said antfferromagnetism layer 20 and fixed magnetic layer 
1 2, and magnetization of said fixed magnetic layer 1 2 is fixed in the direction of illustration Y. 
[0045] In this invention, said antiferromagnetism layer 20 is formed with the Pt-Mn (platinum- 
manganese) alloy film. The Pt— Mn alloy film has the property which is excellent in corrosion 
resistance compared with a Fe-Mn alloy film, a nickel-Mn alloy film, etc. which are used as an 
antiferromagnetism layer from the former, and was excellent as an antiferromagnetism material - 
- blocking temperature is also high and an exchange anisotropy magnetic field (Hex) is still larger. 

[0046] Moreover, it replaces with said Pt~Mn alloy, and it is X-Mn (however, X is any one sort or 
two sorts or more of elements of Pd, Ir, Rh, and Ru), or may be formed by Pt-Mn-X* (however, X' 
is any one sort or two sorts or more of elements of Pd, Ir, Rh, Ru, Au, and Ag). 
[0047] Said fixed magnetic layer 12 and free magnetic layer 14 are formed with a nickel-Fe 
(nickel-iron) alloy, Co (cobalt), the Fe-Co (iron-cobalt) alloy, the Fe-Co-nickel alloy, etc., and 
said nonmagnetic conductive layer 1 3 is formed with the nonmagnetic electrical conducting 
material with low electric resistance, such as Cu (copper). 

[0048] As shown in drawing 1 , the hard bias layers 1 7 and 1 7 are formed in the both sides of the 
multilayers 16 from the substrate layer 19 to a protective layer 15, and these hard bias layers 17 
and 17 are formed in them with for example, the Co-Pt (cobalt-platinum) alloy, the Co-Cr-Pt 
(cobalt chrome-platinum) alloy, etc. 

[0049] Said hard bias layers 1 7 and 1 7 are magnetized in the direction of illustration X (truck 
cross direction), and magnetization of said free magnetic layer 14 is arranged in the direction of 
illustration X by the bias magnetic field to the direction of X from said hard bias layers 17 and 17. 

[0050] Furthermore on said hard bias layer 17 and 17, the interlayer 21 to whom it was formed in 
by the high electrical resistance materials or the insulating material which has resistance higher 
than the resistance of the electrode layer 1 8 later mentioned through the non-magnetic material 
layers 23, such as Ta, or the laminating of said high electrical resistance materials and insulating 
material was carried out is formed. When an oxide or Si compound was used, made it more 
desirable for said non-magnetic material layer 23 to intervene between the hard bias layer 1 7 
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and the electrode layer 18 as an interlayer 21. It is because it will be easy to produce diffusion 
between the hard bias layer 17 formed, for example by CoPt, and the interlayer 21 formed using 
the oxide or Si compound if there is no non-magnetic material layer 23. However, since the 
above diffusion cannot take place easily as an interlayer 21 when N compound is used, it is not 
necessary to make said non-magnetic material layer 23 intervene. 

[0051] It is desirable that any one sort of monolayers, two or more sorts of mixed films, or a 
cascade screen is chosen as the high electrical resistance materials which constitute said 
interlayer 21 from this invention among TaSi02, TaSi, CrSi02, CrSi, and WSi, WSi02, TiN and 
TaN. 

[0052] Moreover, it is desirable that any one sort of monolayers, two or more sorts of mixed 
films, or a cascade screen is chosen as the insulating material which constitutes said interlayer 
21 from this invention among aluminum 203, Si02 and Ti 203, TiO, WO and AIN, Si3N4, B4 C 
and SiC, and SiAION. 

[0053] And as shown in drawing 1 , on said interlayer 21, the electrode layer 18 is formed 
through the non-magnetic material layers 24 and 24, such as Ta, and said electrode layer 18 is 
extended and formed even on multilayers 16 in this invention. It may be desirable to use the 
non-magnetic material layer 24, when an oxide or Si compound is used as an interlayer 21, as 
explained above also in this case, when N compound is used as an interlayer 21, it may not use, 
using the non-magnetic material layer 24, or whichever is sufficient. 

[0054] Since said electrode layer 18 is extended and formed even on multilayers 16 in this 
invention, energization connection has been made by said electrode layer 1 8 and multilayers 1 6 
on multilayers 1 6. Said electrode layer 1 8 is formed by Ta (tantalum), Cr (chromium), etc. 
[0055] Thus, since the middle class 21 who consisted of this inventions by the high electrical 
resistance materials and/which have resistance higher than said electrode layer 1 8 between the 
hard bias layer 17 and the electrode layer 18, or the insulating material is formed, it is hard to 
flow to the hard bias layer 1 7, and the sense current from said electrode layer 1 8 can reduce 
splitting of the sense current to said hard bias layer 1 7. 

[0056] Since said electrode layer 18 is extended and formed even on multilayers 16 in this 
invention, and the sense current from said electrode layer 18 It is possible to come to flow to 
multilayers 16 directly from the electrode layer 18 formed in contact with the multilayers 16 top, 
and for playback sensitivity to raise raising and a playback output by the existence of the middle 
class 21 mentioned above, compared with the former, without minding the hard bias layer 17. 
[0057] Moreover, as for the improvement in a playback output, the sense current from said 
electrode layer 1 8 is mentioned as one of the causes by the thing of multilayers 1 6 for which it 
mainly becomes easy to flow to the nonmagnetic conductive layer 13, and a big magneto- 
resistive effect can be demonstrated. 

[0058] A magneto-resistive effect is demonstrated by three layers, the fixed magnetic layer 1 2, 
the nonmagnetic conductive layer 13, and the free magnetic layer 14. The fixed magnetization of 
the magnetization of said fixed magnetic layer 1 2 is carried out in the direction of illustration Y, 
and magnetization of the free magnetic layer 14 is arranged crosswise [ truck ] (the direction of 
illustration X), and can be freely changed to an external magnetic field. When magnetization of 
the free magnetic layer 14 is changed to an external magnetic field and sense current is further 
passed by the nonmagnetic conductive layer 13 The electron which is going to move to the layer 
of another side starts dispersion from layer of one of the two among the free magnetic layer 14 
and the fixed magnetic layer 1 2 by the interface of the nonmagnetic conductive layer 1 3 and the 
fixed magnetic layer 12, or the interface of the nonmagnetic conductive layer 13 and the free 
magnetic layer 14. Electric resistance changes and the voltage change based on this electric 
resistance enables it to obtain a playback output. 

[0059] In this invention, as shown in drawing 1 , the electrode layer 18 is extended and formed 
even on multilayers 16, and sense current flows from the electrode layer 18 on said multilayers 
1 6 directly to multilayers 1 6. Therefore, although said sense current flows also to the free 
magnetic layer 12 which is the upper layer of the nonmagnetic conductive layer 13 among 
multilayers 16, it is especially mainly easy to flow to the small nonmagnetic conductive layer 13 
of resistance. 
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[0060] On the other hand, with the conventional magneto-resistive effect element shown, for 
example in drawing 1 2 , the sense current from the electrode layer 8 flows [ of multilayers 9 ] 
into said multilayers 9 from the side through the hard bias layer 5 (the direction of illustration X). 
Said sense current shunts that it is such structure not only toward the nonmagnetic conductive 
layer 3 but toward the antiferromagnetism layer 1 f the fixed magnetic layer 2, and the free 
magnetic layer 4, respectively, and the amount of the sense current which flows to the 
nonmagnetic conductive layer 3 substantially brings a falling result. 

[0061] Therefore, with the structure of the magneto-resistive effect element in this invention, 
since sense current can be passed especially to the nonmagnetic conductive layer 13 compared 
with the structure of the magneto-resistive effect element in the former, a big magneto- 
resistive effect can be demonstrated and it leads to improvement in a playback output 
[0062] Moreover, even if it makes thin contact thickness h2 of the electrode layer 1 8 formed 
especially in contact with a multilayers 16 top by having formed the interlayer 21 in this 
invention, it is hard to shunt to the hard bias layer 17, and the sense current from said electrode 
layer 18 can pass sense current from said electrode layer 18 directly to multilayers 16. 
[0063] Thus, since the contact thickness h2 of the electrode layer 1 8 formed in contact with a 
multilayers 16 top can be thinly formed in this invention, the level difference between said 
electrode layer 1 8 upper surface and the multilayers 1 6 upper surface is small, therefore it is 
possible to raise the step coverage of the up gap layer 79 formed on multilayers 16 from on said 
electrode layer 1 8, applying, to be able to form without generating of a film piece, and to secure 
sufficient insulation. 

[0064] By the way, that is not right if it says where I may extend and form the electrode layer 1 8 
on multilayers 16. As shown in drawing 1 , the field of the width-of-face size T2 located in the 
center of multilayers 1 6 is the sensitivity field E, it is the both sides and the fields of the width- 
of-face size T1 are insensible fields D and D. 

[0065] In said sensitivity field E, magnetization of the fixed magnetic layer 12 is fixed in the 
direction of illustration Y proper, moreover, magnetization of the free magnetic layer 14 is 
arranged in the direction of illustration X proper, and orthogonality relation has magnetization of 
the fixed magnetic layer 1 1 and the free magnetic layer 14. And in this sensitivity field E, 
magnetization of said free magnetic layer 14 is changed with sufficient sensitivity to the external 
magnetic field from a record medium, namely, said sensitivity field E is the portion which can 
demonstrate a magneto-resistive effect substantially. 

[0066] On the other hand, in the insensible fields D and D located in the both sides of said 
sensitivity field E, magnetization of the fixed magnetic layer 12 and the free magnetic layer 14 is 
strongly influenced [ of magnetization ] from the hard bias layer 17, and magnetization of said 
free magnetic layer 14 has stopped being able to change easily to the external magnetic field. 
That is, an insensible field D has a weak magneto-resistive effect, and is a field to which the 
regenerative function fell. 

[0067] In this invention, the width-ofHace size T2 of the sensitivity field E in multilayers 16 and 
the width-of-face size of insensible fields D and D are measured by the micro truck profile 
method (refer to drawin g 1 1 ) mentioned above. 

[0068] In this invention, as shown in drawing 1 , the electrode layer 18 is extended and formed 
with the width-of^-face size of T3 even on the insensible field D of said multilayers 16. Moreover, 
the width-of-face size of the upper surface of the multilayers 1 6 which are not covered with 
said electrode layer 1 8 is defined as optical width-of-recording-track size O-Tw (Optical read 
track width) measured with optical means. 

[0069] Moreover, the width-ofH^ce size T2 of the sensitivity field E where the upper surface is 
not covered with the electrode layer 1 8 functions as the width of recording track substantially, 
and this width-ofH^ce size T2 is defined as magnetic width-ofH'ecording-track size M-Tw 
(Magnetic read track width). In the example shown in drawin g 1 , optical width-of^recording- 
track size O-Tw, magnetic width-of^recording-track size M-Tw, and the width-of-face size T2 
of the sensitivity field E serve as the almost same size value altogether. 

[0070] Thus, in this invention, the electrode layer 1 8 overlapped on multilayers 1 6 is extended 
and formed on the insensible field D. Therefore, an insensible field D is avoided, it becomes easy 
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to flow with the priority to the sensitivity field E which can demonstrate a magneto-resistive 
effect substantially, and the sense current from said electrode layer 18 can aim at improvement 
in the further playback output 

[0071] If it is when the width-ofr-face size T2 (= magnetic width-of-recording-track size M-Tw) 
of optical width-of^recording-track size O-Tw and the sensitivity field E is especially formed 
with the same width-of-face size, it sink-comes to be easy of sense current suitable for the 
sensitivity field E, and improvement in reproducing characteristics can be aimed at further. 
[0072] In addition, although the electrode layer 18 covers an insensible field D top completely 
and is formed in the example shown in drawing 1 , said electrode layer 18 does not need to cover 
insensible fields D and D completely, and said a part of insensible field D may expose it. In this 
case, the width of face of optical width-of-recording-track O-Tw becomes larger than the 
width-of-face size T2 (= magnetic width-of^recording-track M-Tw) of the sensitivity field E. 
However, even on the sensitivity field D, the electrode layers 18 and 18 which are extended and 
are formed on multilayers 1 6 must not be extended, and must not be formed. 
[0073] From the electrode layer 18 which was extended by the upper surface of multilayers 16 
and formed in it Since sense current mainly flows from the tip, when the electrode layer 18 is 
formed also for also until on the sensitivity field E which can demonstrate a magneto-resistive 
effect substantially as mentioned above The electrode layer 1 8 leads [ sense current cannot 
flow easily to the sensitivity field E of a portion over which it covered and hung, will kill to it a 
part of sensitivity field E which can demonstrate a magneto-resistive effect good with much 
trouble, and ] to it to generating of a noise, and the fall of a playback output and is not desirable. 

[0074] The multilayers 22 of the spin bulb mold thin film shown in drawing 2 make reverse 
sequence of the laminating of the multilayers 1 6 of the spin bulb mold thin film shown in drawing 
1 . That is, in drawing 2 , on the substrate layer 19, the free magnetic layer 14, the nonmagnetic 
conductive layer 13, the fixed magnetic layer 12, and the antiferromagnetism layer 20 continue, 
and the laminating is carried out. 

[0075] In this example, since the free magnetic layer 14 of multilayers 22 shown in drawing 2 is 
caudad formed rather than the antiferromagnetism layer 20, the thick portion of the thickness of 
the hard bias layers 17 and 17 is adjoined, therefore magnetization of said free magnetic layer 14 
is easily arranged in the direction of X. Thereby, generating of a Barkhausen noise can be 
reduced. 

[0076] And also in this example, the middle class 21 formed between said hard bias layers 17 and 
electrode layers 18 by the high electrical resistance materials or the insulating material which 
has resistance higher than said electrode layer 1 8 was formed, and splitting of the sense current 
to the hard bias layer 1 7 is controlled. In addition, the non-magnetic material layers 23 and 24 
formed by Ta etc. may be formed in said interlayer s 21 upper and lower sides like drawing 1. 
[0077] Moreover, said electrode layer 1 8 is extended and formed even on multilayers 22, and 
said electrode layer 1 8 is specifically extended and formed with the width-of^-face size of T5 on 
the insensible field D of multilayers 22. 

[0078] In this example, since the laminating of the multilayers 22 is carried out to the order of 
the free magnetic layer 14, the nonmagnetic conductive layer 13, the fixed magnetic layer 12, 
and the antiferromagnetism layer 20 from the. bottom The sense current which flows to said 
nonmagnetic conductive layer 13 from the electrode layer 18 formed on said multilayers 22 
Shunting also toward the fixed magnetic layer 12 and the antiferromagnetism layer 20 which are 
the upper layer rather than said nonmagnetic conductive layer 1 3, the amount of sense current 
which flows to said nonmagnetic conductive layer 13 has a possibility of falling compared with 
the case of the example shown in drawing 1 by which only the free magnetic layer 14 was formed 
in the upper layer of the nonmagnetic conductive layer 13. 

[0079] However, in the case of this example, an interlayer 21 is formed between the hard bias 
layer 1 7 and the electrode layer 18. Since splitting of the sense current to said hard bias layer 
17 is controlled and said electrode layer 18 is further extended even on multilayers 22 By being 
able to pass sense current from said electrode layer 18 directly to said multilayers 22, and 
extending said electrode layer 18 on an insensible field D further Since said sense current can 
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be passed with the priority to the sensitivity field E, the multilayers 9 in the conventional 
magneto-resistive effect element shown in drawing 12 Compared with the case where a 
laminating is carried out, playback sensitivity can raise raising and a playback output in the 
sequence of the free magnetic layer 4, the nonmagnetic conductive layer 3, the fixed magnetic 
layer 2, and the antiferromagnetism layer 1 from the bottom. 

[0080] It is possible to raise the step coverage of the up gap layer 79 which the level difference 
formed between said electrode layer 1 8 upper surface and the multilayers 22 upper surface can 
be made small, therefore is formed in up to multilayers 22 from on said electrode layer 18, to be 
able to form without generating of a film piece, and to secure sufficient insulation by existence of 
an interlayer 21, furthermore, since contact thickness h5 to the multilayers 22 of said electrode 
layer 1 8 can be made small. 

[0081] Drawing 3 is the cross section which looked at the structure of the magneto-resistive 
effect element of other this inventions from the ABS side. The antiferromagnetism layer 30 by 
which the spin bulb mold thin film shown in drawing 3 is formed on the substrate layer 19 is 
formed in the direction of illustration X for a long time, and at the center of the direction of X, 
said antiferromagnetism layer 30 projects only the height size d1, and it is formed. And on this 
projected antiferromagnetism layer 30, the fixed magnetic layer 31, the nonmagnetic conductive 
layer 32, the free magnetic layer 33, and a protective layer 15 are formed, and the layered 
product to a protective layer 1 5 consists of substrate layers 1 9 as multilayers 35. 
[0082] In this invention, the antiferromagnetism layer 30 is formed with the Pt-Mn (platinum- 
manganese) alloy film. Or it replaces with said Pt-Mn alloy, and it is X-Mn (however, X is any one 
sort or two sorts or more of elements of Pd, Ir, Rh, and Ru), or may be formed by Pt-Mn- 
X f (however, X' is any one sort or two sorts or more of elements of Pd, Ir, Rh, Ru, Au, and Ag). 
[0083] Said fixed magnetic layer 31 and free magnetic layer 33 are formed with a nickel-Fe 
(nickel-iron) alloy, Co (cobalt), the Fe-Co (irorr-cobafc) alloy, the Fe-Co-nickel alloy, etc., and 
said nonmagnetic conductive layer 32 is formed with the nonmagnetic electrical conducting 
material with low electric resistance, such as Cu (copper). 

[0084] And as shown in drawing 3 , from on the width-ofr-fiace size T8 of the antiferromagnetism 
layer 30 which was extended in the direction of illustration X and formed in it, it applies to the 
side of the fixed magnetic layer 31, the nonmagnetic conductive layer 32, and the free magnetic 
layer 33, the metal membrane 36 used as the buffer film and orientation film which were formed 
by Cr etc. is formed, and the bias magnetic field generated from the hard bias layer 37 later 
mentioned by formation of this metal membrane 36 can be increased. 

[0085] Furthermore on said metal membrane 36, the hard bias layer 37 formed with the Co-Pt 
(cobalt-platinum) alloy, the Co-Cr-Pt (cobalt chrome-platinum) alloy, etc. is formed. 
[0086] Thus, it can fully give the bias magnetic field from the hard bias layer 37 to the free 
magnetic layer 33, andis [ single-domain-] easy toize said free magnetic layer in the direction of 
X in the example shown in drawing 3 , since the thickness of the hard bias layer 37 of the portion 
by which the hard bias layer 37 was formed on the antiferromagnetism layer 30, and was formed 
in the both sides of the free magnetic layer 33 is thick compared with the spin bulb mold thin 
film shown in drawing 1 or drawing 2 proper. 

[0087] Moreover, on said hard bias layer 37 and 37, the electrode layers 39 and 39 which the 
interlayer 38 formed by the high electrical resistance materials or the insulating material which 
has resistance higher than the resistance of the electrode layer 39 was formed through the non- 
magnetic material layers 25 and 25, such as Ta, and were formed by Ta, Cr, etc. through the 
non-magnetic material layers 26 and 26, such as Ta, on this interlayer 38 are formed. 
[0088] By forming the interlayer 38 formed by high electrical resistance materials or the 
insulating material between the hard bias layer 37 and the electrode layer 39 also in this example 
Since splitting to the hard bias layer 37 of sense current can be controlled and said electrode 
layer 39 is moreover extended and formed even on multilayers 35 Said multilayers 35 and 
electrode layer 39 change into an energization condition on said multilayers 35, therefore sense 
current can be directly passed from the electrode layer 39 on said multilayers 35 without the 
hard bias layer 37 to multilayers 35, and it is possible for playback sensitivity to raise raising and 
a playback output. 
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[0089] Moreover, since the field of the multilayers 35 of the width-of-face size T9 is the 
sensitivity field E, the field of the width-of^ace size T10 is an insensible field D and said 
electrode layer 39 is extended and formed on the insensible field D in this invention as shown in 
drawing 3 , the sense current from said electrode layer 39 can be passed with the priority to the 
sensitivity field E, and it is possible to aim at improvement in the further playback output. 
[0090] Moreover, although the electrode layer 39 formed on multilayers 35 does not cover an 
insensible field D completely but is formed with the width-of-face size T1 1 shorter than it in 
drawing 3 , it is as having mentioned above that said electrode layer 39 may cover the insensible 
field D completely. 

[0091] When the electrode layer 39 formed on multilayers 35 has not covered the insensible field 
D completely like drawing 3 , optical width-of-recording-track size O-Tw defined as a width-of- 
face size of the upper surface of multilayers 35 in which said electrode layer 39 is not formed 
becomes large compared with magnetic width-of-recording~track size M-Tw determined with 
the width-ofH^ce size of the sensitivity field E where the upper surface is not covered with the 
electrode layer 39. 

[0092] Moreover, also in this example, by existence of an interlayer 38, since contact thickness 
h6 to the multilayers 35 of said electrode layer 39 can be made small It is possible to raise the 
step coverage of the up gap layer 79 which the level difference formed between said electrode 
layer 39 upper surface and the multilayers 35 upper surface can be made small, therefore is 
formed in up to multilayers 35 from on said electrode layer 39, to be able to form without 
generating of a film piece, and to secure sufficient insulation. 

[0093] Draw ing 4 is the cross section which looked at the structure of the magneto-resistive 
effect element of other this inventions from the ABS side. This spin bulb mold thin film can 
obtain a playback output higher than the spin bulb mold thin film (called a single spin bulb mold 
thin film) which it is called that so-called dual spin bulb mold thin film in which the nonmagnetic 
conductive layers 43 and 45, the fixed magnetic layers 42 and 46, and the antiferromagnetism 
layers 41 and 47 were formed up and down, and is shown in drawing 1 thru/or drawing 3 focusing 
on the free magnetic layer 44. In addition, the layer by which the layer currently formed in the 
bottom is formed most in the bottom in the substrate layer 1 9 is a protective layer 1 5, and 
multilayers 48 are constituted from a substrate layer 1 9 by the layered product to a protective 
layer 1 5. 

[0094] In this invention, the antiferromagnetism layers 41 and 47 are formed with the Pt-Mn 
(platinum-manganese) alloy film. Or it replaces with said Pt-Mn alloy, and it is X-Mn (however, X 
is any one sort or two sorts or more of elements of Pd, Ir, Rh, and Ru), or may be formed by Pt- 
Mn-X' (however, X' is any one sort or two sorts or more of elements of Pd, Ir, Rh, Ru, Au, and 
Ag). 

[0095] Said fixed magnetic layers 42 and 46 and free magnetic layer 44 are formed with a nickel- 
Fe (nickeHron) alloy, Co (cobalt), the Fe-Co (iron-cobalt) alloy, the Fe-Co-nickel alloy, etc., and 
said nonmagnetic conductive layers 43 and 45 are formed with the nonmagnetic electrical 
conducting material with low electric resistance, such as Cu (copper). 

[0096] As shown in drawing 4 , the hard bias layers 49 and 49 are formed in the both sides of 
multilayers 48, and these hard bias layers 49 and 49 are formed in them with for example, the 
Co-Pt (cobalt-platinum) alloy, the Co-Cr-Pt (cobalt chrome-platinum) alloy, etc. 
[0097] Said hard bias layers 49 and 49 are magnetized in the direction of illustration X (truck 
cross direction), and magnetization of said free magnetic layer 44 is arranged in the direction of 
illustration X by the bias magnetic field to the direction of X from said hard bias layers 49 and 49. 

[0098] On said hard bias layers 49 and 49, the non-magnetic material layers 27 and 27, such as 
Ta, are minded. For example, TaSi02, TaSi, CrSi02, CrSi, WSi, The high electrical resistance 
materials which have resistance higher than resistance of the electrode layers 51 and 51, such 
as WSi02, TiN, and TaN, Or aluminum 203, Si02 and Ti 203, TiO, WO, AIN, The electrode layers 
51 and 51 which the interlayers 50 and 50 formed by insulating materials, such as Si3N4, B4 C 
and SiC, and SiAION, are formed, and were formed by Ta, Cr, etc. through the non-magnetic 
material layers 28 and 28, such as Ta, on said interlayers 50 and 50 are formed. Moreover, said 
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electrode layers 51 and 51 are extended and formed even in the upper surface of multilayers 48 
as shown in drawing 4 . 

[0099] By this invention, by making the interlayer 50 of high electrical resistance materials or an 
insulating material intervene between the hard bias layer 49 and the electrode layer 51 By could 
control splitting of the sense current to said hard bias layer 49, and moreover having extended 
and formed said electrode layer 51 even in the upper surface of multilayers 48 Sense current 
can be directly passed from said electrode layer 51 to multilayers 48, and it is possible for 
playback sensitivity to raise raising and a playback output 

[0100] Moreover, in this invention, by existence of said interlayer 50, since sense current can be 
passed without minding the hard bias layer 49 from said electrode layer 51 to multilayers 48 
effectively even if it makes thin contact thickness h3 of the electrode layer 51 to multilayers 48 
It is possible to raise the step coverage of the up gap layer 79 which the level difference 
between said electrode layer 51 upper surface and the multilayers 48 upper surface can be made 
small, therefore is formed on multilayers 48 from on said electrode layer 51, to be able to form 
without generating of a film piece, and to secure sufficient insulation. 
[0101] Also in this example, although the sensitivity field E and insensible field D of said 
multilayers 48 are measured by the micro truck profile method, as shown in drawing 4 , the field 
of the width-of^ace size T15 located in the center of multilayers 48 is the sensitivity field E, it 
is those both sides and the field of the width-of-face size T14 is an insensible field D. 
[0102] In said sensitivity field E, magnetization of the fixed magnetic layers 42 and 46 is fixed in 
the direction of illustration Y proper, moreover, magnetization of the free magnetic layer 44 is 
arranged in the direction of illustration X proper, and orthogonality relation has magnetization of 
the fixed magnetic layers 42 and 46 and the free magnetic layer 44. And to the external magnetic 
field from a record medium, magnetization of said free magnetic layer 44 is changed with 
sufficient sensitivity, electric resistance changes by the relation between fluctuation of this 
magnetization direction, and the fixed magnetization direction of the fixed magnetic layers 42 and 
46, and the leak magnetic field from a record medium is detected by the voltage change based 
on this electric resistance value change. 

[0103] In this invention, as shown in drawing 4 , the electrode layer 51 formed on multilayers 48 
is extended and formed with the width-of-face size T16 on the insensible field D. The width-of- 
face size of the upper surface of the multilayers 48 which are not covered with said electrode 
layers 51 and 51 is defined as optical width-of-recording-track size O-Tw, and the width-of- 
face size T15 of the sensitivity field E where the upper surface is not covered with said 
electrode layer 51 is defined as magnetic width-of-recording-track size M-Tw. In this example, 
the electrode layer 51 extended, for example on said multilayers 48 has covered the insensible 
field D top completely. In this case, optical width-of-recording-track O-Tw and magnetic width- 
of-recording-track size M-Tw (= the width-of-face size of the sensitivity field E) serve as the 
almost same width-of-face size. 

[0104] Or said electrode layer 51 does not need to cover the insensible field D top completely, 
and the width-of-face size T15 of the electrode layer 51 extended on multilayers 48 may be 
formed shorter than an insensible field D. In this case, optical width-of-recording-track O-Tw 
becomes larger than magnetic width-of-recording-track M-Tw. It is possible to be able to pass 
the sense current from said electrode layer 51 with the priority to the sensitivity field E in this 
invention, and to raise a playback output more by this. 

[0105] Drawing 5 is the cross section which looked at the magneto-resistive effect element in 
other this inventions from the ABS side side. The magneto-resistive effect element shown in 
drawing 5 is called the AMR (anisotropic magnetoresisitive) element, a laminating is carried out 
to the order of the soft magnetism layer (SAL layer) 52, a non-magnetic layer (SHUNT layer) 53, 
the magnetic-reluctance layer (MR layer) 54, and a protective layer 55 from the bottom, and this 
layered product is multilayers 61. The hard bias layers 56 and 56 are formed in the both sides of 
these multilayers 61. Generally a CoPt alloy film is used for a NiFe alloy film and the hard bias 
layer 56 by said soft magnetism layer 52 at a NiFeNb alloy film and a non-magnetic layer 53 at 
Ta film and the magnetic-reluctance layer 54. 

[0106] On said hard bias layers 56 and 56, the non-magnetic material layers 29 and 29, such as 
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Ta, are minded. For example, TaSi02, TaSi. CrSi02, CrSi, WSi, The high electrical resistance 
materials which have resistance higher than resistance of the electrode layers 58 and 58, such 
as WSi02, TiN, and TaN, Or aluminum 203, Si02 and Ti 203. TiO, WO, AIN, The electrode layers 
58 and 58 which the interlayers 57 and 57 formed by insulating materials, such as Si3N4, B4 C 
and SiC, and SiAION, are formed, and were formed by Ta or Cr through the non-magnetic 
material layers 62 and 62, such as Ta, on said interlayers 57 and 57 are formed. Moreover, said 
electrode layers 58 and 58 are extended and formed even in the upper surface of multilayers 61 
as shown in drawing 5 . 

[0107] With this AMR element, the hard bias layer 56 is magnetized in the direction of illustration 
X, and the bias magnetic field of the direction of X is given to the magnetic-reluctance layer 54 
by this hard bias layer 56. Furthermore, the bias magnetic field of the direction of illustration Y is 
given to the magnetic-reluctance layer 54 from the soft magnetism layer 52. By giving the bias 
magnetic field of the direction of X, and the direction of Y to the magnetic-reluctance layer 54, 
the magnetization change to magnetic field change of the magnetic-reluctance layer 54 is set as 
the condition of having linearity. The transit direction of a record medium is a Z direction, if the 
leak magnetic field from a record medium is given in the direction of Y, when the magnetization 
direction of the magnetic-reluctance layer 54 changes, resistance will change and this will be 
detected as voltage change. 

[0108] By this invention, sense current can be directly passed from said electrode layer 58 to 
multilayers 61 by could control splitting of the sense current to said hard bias layer 56, and 
moreover having extended and formed said electrode layer 58 even in the upper surface of 
multilayers 61 by making the middle class 57 of high electrical resistance materials or an 
insulating material intervene between the hard bias layer 56 and the electrode layer 58. 
[0109] Since sense current can be passed to said multilayers 61 in this invention from the 
electrode layer 58 formed especially in contact with the multilayers 61 top The rate of sense 
current of flowing to the magnetic-reluctance layer 54 currently formed most in the bottom 
among said multilayers 61 can be made [ many ]. Splitting of the sense current to the soft 
magnetism layer 52 which had become a problem from the former can be controlled, and, 
therefore, improvement in raising and a playback output can be aimed at for playback sensitivity 
by this invention compared with the former. 

[01 10] Moreover, in this invention, by existence of said interlayer 57, since sense current can be 
effectively passed, without minding the hard bias layer 56 from said electrode layer 58 to 
multilayers 61 even if it makes thin contact thickness h4 of the electrode layer 58 to multilayers 
61 Contact thickness h4 to the multilayers 61 of said electrode layer 58 can be made thin, and, 
therefore, the level difference between said electrode layer 58 upper surface and the multilayers 
61 upper surface can be made small. It is possible to raise the step coverage of the up gap layer 
79 formed on multilayers 61 from on said electrode layer 58, to be able to form without 
generating of a film piece, and to secure sufficient insulation. 

[01 1 1] Also in this example, the field of the width-of-^face size T19 which measures the 
sensitivity field E and insensible field D of said multilayers 61 by the micro truck profile method, 
and is located in the center of said multilayers 61 is the sensitivity field E, and the field of the 
width-of-face size T20 located in those both sides is an insensible field D. In this invention, as 
shown in drawing 5 , the electrode layer 58 formed on multilayers 61 is extended and formed 
with the width-ofH-tce size T21 on an insensible field D. 

[0112] The width-of-^face size of the multilayers 61 upper surface which is not covered with said 
electrode layers 58 and 58 is defined as optical width-of-recordingrtrack size O-Tw, and the 
width-ofH^ce size T19 of the sensitivity field E where the upper surface is not covered with said 
electrode layer 58 is defined as magnetic width-of-recordingrtrack size M-Tw. In this example, 
the electrode layer 58 extended, for example on said multilayers 61 has covered the insensible 
field D top completely. In this case, optical width-of-recordingrtrack O-Tw and the width-of- 
face size T19 (= magnetic width-of-recording-track size M-Tw) of the sensitivity field E turn 
into the almost same width-of-face size. 

[01 13] Or said electrode layer 58 does not need to cover the insensible field D top completely, 
and the width-ofHace size T21 of the electrode layer 58 extended on multilayers 61 may be 
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formed shorter than an insensible field D. In this case, optical width-of-recording-track O-Tw 
becomes larger than magnetic width-of-recording-track M-Tw. 

[01 14] By having extended and formed said electrode layer 58 on the insensible field D of 
multilayers 61 in this invention, sense current can be preferentially passed to the magnetic- 
reluctance layer 54 of the sensitivity field E, and it is possible to aim at improvement in the 
further playback output therefore. 

[01 15] Next, it explains, referring to a drawing about the manufacture method of the magneto- 
resistive effect element in this invention. As first shown in drawing 6 , the multilayers 71 of a 
magneto-resistive effect element are formed on a, substrate 70. In addition, these multilayers 71 
may be any of the multilayers of drawing 1 and the single spin bulb mold thin film shown in 2, the 
multilayers of the dual spin bulb mold thin film shown in drawing 4 , or the multilayers of the AMR 
element shown in drawing 5 . Moreover, what is necessary is just to control an etching rate and 
etching time like the spin bulb mold thin film shown in drawing 3 , not to shave off the side of the 
antiferromagnetism layer 30 but to remain in the phase of shaving off the side of multilayers 71 
shown in drawing 6 by etching, in order to form the antiferromagnetism layer 30 in the direction 
of illustration X for a long time. In addition, when said multilayers 71 are formed by the 
multilayers of a single spin bulb mold thin film or a dual spin bulb mold thin film, It is desirable to 
form the antiferromagnetism layer which constitutes said multilayers 71 with a PtMn alloy, or it is 
X-Mn (however, X). Or it is any one sort or two sorts or more of elements of Pd, Ir, Rh, and Ru, 
you may form by Pt-Mn-X' (however, X' is any one sort or two sorts or more of elements of Pd, 
Ir, Rh, Ru, Au, and Ag). When forming with the quality of the material which mentioned said 
antiferromagnetism layer above, it is necessary to heat-treat to generate a switched connection 
magnetic field in an interface with a fixed magnetic layer. 

[01 16] And beforehand, as shown in drawing 1 1 , the width-ofHace dimension a of the upper 
surface of the multilayers of this magneto-resistive effect element is measured with an optical 
microscope using the magneto-resistive effect element of the conventional type (for example, 
refer to drawing 12 ) with which the hard bias layer and the electrode layer were formed only in 
the both sides of multilayers. Next, said magneto-resistive effect element is made to scan in the 
truck cross direction on the minute truck with which a certain signal was recorded, a playback 
output is detected, and the width— of-face size of the upper surface where the width— of-face 
size of the upper surface which emits 50% or more of playback output of the maximum output 
among this playback output emits 50% or less of playback output of the sensitivity field E and the 
maximum output for the field of B defines the field of C as an insensible field D. 
[01 17] The resist layer 72 for lift off is formed on multilayers 71, taking into consideration the 
width-of-face size C of the insensible field D which the micro truck profile method shows 
beforehand based on this measurement result. Although the slitting sections 72a and 72a are 
formed in that inferior surface of tongue at said resist layer 72 as shown in drawing 6 , these 
slitting sections 72a and 72a are formed on an insensible field D among multilayers 71, and are 
changed into the condition that said resist layer 72 was completely covered on the sensitivity 
field E among multilayers 71. 

[01 18] Next, at the production process shown in drawin g 7 , the both sides of multilayers 71 are 
deleted by etching, and the hard bias layers 73 and 73 are formed on both sides of said 
multilayers 71 at the production process further shown in drawing 8 . As for the spatter used in 
this invention in the case of membrane formation of membrane formation and the middle class 76 
of these hard bias layers 73 and 73, and the electrode layer 75, it is desirable that they are any 
one or more sorts of the ion beam spatter method, the long slow spatter method, or the 
collimation spatter method. 

[01 19] Because place perpendicularly the substrate 70 with which multilayers 71 were formed in 
this invention to the target 74 formed with the presentation of the hard bias layer 73 as shown in 
drawin g 8 , and this uses the ion beam spatter method, for example Since the hard bias layer 73 
can be perpendicularly formed to said multilayers 71, in slitting section 72a of the resist layer 72 
formed on multilayers 71, and 72a, enter the hard bias layer 73 and it is not formed. In addition, 
as shown in drawing 8 , layer 73a of the same presentation as said hard bias layer 73 is formed 
also on the resist layer 72. 
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[0120] Said target 74 Furthermore, for example, TaSi02, TaSi, CrSi02 f CrSi, High electrical 
resistance materials, such as WSi, WSi02, TiN, and TaN, or aluminum203, Si02, Ti203. TiO, It 
replaces with the target 77 formed by the presentation of the middle class 76 of insulating 
materials, such as WO. AIN, Si3N4 f B4 C and SiC, and SiAION. and the middle class 76 and 76 is 
formed on said hard bias layer 73 and 73 by the ion beam spatter method. In slitting section 72a 
of the resist layer 72 formed on multilayers 71. and 72a. enter this middle class 76 as well as the 
hard bias layer 73. and he is not formed. And as shown in drawin g 8 . layer 76a of the same 
presentation as said interlayer 76 is formed also on the resist layer 72. 

[0121] Next, at the production process shown in drawing 9 . the electrode layer 75 is formed 
from across on said interlayer 76 to said multilayers 71. and membranes are formed even in 
slitting section 72a formed in the inferior surface of tongue of said resist layer 72 in which said 
electrode layer 75 was formed on multilayers 71 in this case. 

[01 22] For example, said electrode layer 75 is formed on the hard bias layer 73 by the ion beam 
spatter method, leaning a substrate 70 aslant and making it rotate to the target 78 formed by the 
presentation of the electrode layer 75 to the substrate 70 with which multilayers 71 were 
formed, as shown in drawing 9 . At this time, from across, the electrode layer 75 by which a 
spatter is carried out invades not only a middle class 76 top but in slitting section 72a of the 
resist layer 72 formed on multilayers 71. and is formed. That is, the electrode layer 75 formed in 
said slitting section 72a is formed by the wrap location in the insensible field D top of multilayers 
71. 

[0123] And at the production process shown in drawing 10 , lift off removes the resist layer 72 
shown in drawing 9 , using resist exfoliation liquid, and the magneto-resistive effect element with 
which the electrode layer 75 was formed by this even on the insensible field D among multilayers 
71 is completed. 
[0124] 

[Effect of the Invention] According to this invention explained in full detail above, between a hard 
bias layer and an electrode layer By preparing the interlayer formed by the high electrical 
resistance materials which have resistance higher than said electrode layer, or the insulating 
material, and moreover extending and forming said electrode layer even on multilayers Since it 
becomes possible to be able to control splitting of the sense current to said hard bias layer, and 
to pass sense current from said electrode layer directly to multilayers, it is possible for playback 
sensitivity to raise raising and a playback output conventionally. 

[0125] Moreover, it is possible to be able to improve, to be able to form without a film piece the 
step coverage of the up gap layer which the level difference formed between said electrode layer 
upper surfaces and multilayers upper surfaces can be made small, therefore is formed in up to 
multilayers from on said electrode layer, and to secure sufficient insulation by existence of said 
interlayer, in this invention, since contact thickness to the multilayers of said electrode layer can 
be made thin. 

[0126] It is possible to be able to pass sense current with the priority to the sensitivity field 
which is occupied to a part for the center section of said multilayers by extending and forming 
the electrode layer made to overlap on said multilayers in this invention even on the insensible 
field occupied near the both sides of multilayers and which can demonstrate a magneto-resistive 
effect substantially, therefore to aim at improvement in the further playback output furthermore. 



[Translation done.] 
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kaw TXJiitiffiJitflDlSfcW:, fflfeasnj; o feffi 

[0 0 2 2] *fgaj-e«, lWiE^JII8lli> T*»6S3ft« 



[0 0 2 3] Sfc*$SWtt. 7»J-e&®<h, MB7U 

©±Rtfl&*r © @£Btt® ©t tc^$ nfcs 

£©/W7XJi±lC»j*an&H»©#«JiiJ^»*& 
X«tm«®<!:©l81»Ctt. ffiGtt&BJ: 9 

<5>t>©T&£. 
[0 0 2 4] iiaBR&fi&ttJf t4> PtMn^lCiOf 

bXIl Pd, I r, Rh, Ru©ViTtl^ia*fctt 

2 ««J:©7C5iST'&2>) Pt-Mn-X' 

LX' tt. Pd, I r, Rh, Ru, Au, AgCHf 

nd^ia*fctt2a«jKD7c*T*^) d*T»Bfcs*i 
[0 0 2 5] se>tc:*:§£9itt. *fi8tt®S:^-bTS^ae. 

©£®K©Wffl9£Jgj£Sn&— *t©A-f 7Xlt, CO 

icSTiBsrnTMsnrui c t *>© 

X&-5. 

[0 0 2 6] *fg9iXte, iftfSA- F;H7X|t« 

te, TaSiO?. TaSi, C r S i 0 2 , CrSi. 
WSKWS102, T i N> T aN<Dot>^-?t\frl 

[0 0 2 7] HBA-WWTXIt 

tt, A 1 2 0 3 > SiOj. T i 2O3. T i O. WO. A 
IN. Si}N ( , B4C SiC. SiAlONWp^ 

[0028] $^i:*^STil «tiS#®a«. H^tf 

ommm&ti. mmmmm^.(ommizmm^ti. n<tm 



#gfl2000-2 16455 



5 V~>' 



-ejgtf 2nTWi&t<n2>z. turns. un. 
[0029] *^wtii mm£m&v>mmmm\z* m 

Ottos o %a±offl**«f ^nfci«<t i/tsi$ 

[0 0 3 0] -fe >Xfii7it<E>A— HA'-f 7X 

[0031] ;\-F/uTxm£mmmiz<Dffliztmtt 
[0032] 0i3 [Z7h-tmM.mm3km=f-<o^^ 

fc. ««Sl 0£^BIgl9 JitC*- A*— 
•5**, 013 ©ig^Kte. SffiB 1 0 £A— H/H 
®5t<Z)WtC«, #f£9i©<i:5lC, +&l/g;W£f&2nT 
<^fcua>£. ?ffif5*gJfl Ort>£>£Jflg|9^*5&tC-t> 

xmts^ss-r^fetctt, munmm i o cd^jubi 9 \zn 
-rzmmmz hi&m< lt. Bata«as i o <r>mm.8. 

oS^aiAs&^&s. iwiasffijf i o±b 

t^^9±ffit©F^fctt, .%«&g^a*fg£u ~© 
©Mtcto. wtBrnsei o±*^e#s^9Jitc^$ 

[0 0 3 3] iniC)t*U*^-C«, Jbj£©«fc5K:. A 

<. Bf|ieSffi®*^CDir>Xli8SttA— H/H7X1^ 
#tiitWC<<, LAc*ioT@l 3tC^f*^tClt-<T. 



[0 0 3 4] t^5TGMR^^>AMR^€r«ifirr 

w-c«^<. *<D<p$tmt$.<D?t-t>m>iifg<&\z&n. mm 
z\<Dn±®mzmtitz&mm<Dm®&m&m 

zpf^mmt. ^-fpub ; 7v?-7u7 7'i)\,m\z£-o 

[0 0 3 5] 011 \zm-f <fc 5 lcfi8«S*tSi*i&%SIT 

z&mmii. ^©pfflnc^^nfcA- haw 7x1 

ts> se*wiametaSft*^^ (01 2#i8o £*«± 
\zmi&Tz>. mmmmmit. ^mmommizo 

[0036] wzK^mmmz&^x. mmm*m^& 

<©^Att, ft¥#rtmzj:-?TWfet<ntcb ; 7v#m 

Tw («T. tfWh^'yi'fel-SO-Twil^) t 
[0 0 3 7] ^LT, ie&^±lC|S/hh7^^-r, * 
v9±-Cb5-y?i&J5ft\Zj!t&2i£T. ^S^CD^ffi 

011 <z>-fmz^ztiT^z>. 
[0038] zwmjzmzk&jt&i:* g>mm<D<p4ittft 

?l^i6fcg8^T^*i. -^©ffllgBtfjfiTtt, anus 

[0 0 3 9] *SWTI4, *^cS^m^»w^U 5 0 %JW 

[0040] z.<D£oiz&mmz. &mm&izTmm®. 

m«E*, mnm\zm%mm&z?twv'&z>'&gMmz 
&ifcm\zg5.-rz\£&m(ti<D— otux^s. -E-rt?*^ 

± * -CM «T ^ <!: <h U fc. 

[0041] *mmi&±\z2i-cmmm&mmsTi&&L? 
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tin, ^mmm&m-tx. mmmm\ztgftm\z-t>7>n 

[0 0 4 2] 

mm.m.tnm^m^(Dmm^ a b s isiBriiT 

£-5. S 1 TteX^ftlC&tfS^CD'pJfegBttCD 

©fixSft^^rftJffl LfcGMR (giant magnetoresistive) 

[0 0 4 3] aiWSfeTtC^fig^tlTl^rottTa 

{?>5>)V) ti£(D#m&ttm-v&&i2ntcT : i&m i 9 

T?&S„ ilOTiftJf 1 9W±t::£&&ttJf 2 0. @5£& 
(tin. #mi4#m®13. i5«fctfXU-SB14jIl 4 
^ai^tlTlr^. ftT, WI27U-®ttBl 4<D± 
(cTa (^>^;w tzE<r>ommi sifiMrftZtiT^ 
•5. ittfBTifeill 9A>£fimSl 5 £T©#JfK <fc-p 

fB#BISIl 6 ©±®(D<g^ffi«T 3 0-C^fiE^tXT^ 

[0044] mmmfem&m 1 2 tisaantg 2 0 

mmR&m&m 2 0 tmfem&m 1 2 i»#®jcr^ 
gmnzz&tmgkjj&mR&tiiC. fftmmfem&mi 2 

[0 0 4 5] *5g?q-ett. ifB^@ti2 o*tp t - 

Mn (e&-v>#» d*«tiowsanTif>*. 
p t -Mn^Kta. ftm^K&mnmiiVT&mz 

<> £*>lc3f&#^ttg*# (Hex) *t*#t»at*R3l 

[0 0 4 6] Sfc, iffifBP t -Mn"&&lCtt;LT\ X- 
Mn (fcfcXXIi Pd, I r, Rh, Ru©tvfn#> 

i@*;t«2a«±©7c^-r*-5) -e, t - 

Mn-X' (fcfc'lX' tt. Pd, I r, Rh, Ru, 

au, As<D^-rn^im^it2msi±<07cM-n$> 
[0047] ffis&mfemikm 1 2 43«fctf 7 >j -mtts 1 

4tt, Ni-Fe i-v>r)\<-m Co 

h) , Fe-Co m-u/Vlh) Fe-Co- 



cu (m) *i*©s^ets©fi^#i8tt^m««-c 
[0048] hick-t^ic. T«ii9^effiii 
7, 1 7*«$nt*o. coa-h;h7xbi 

7,17 H09*f£C o - P t (n AJU h - a&) £3>^ 
Co-Cr-Pt (3A*)Ph-^DA-a^!) ^&&<t: 

[0 0 4 9] ffllEA— KA*-f 7X11 7, 17liiSX 
(h??jr«2ffil) {C#J82nT*iD. InllBA-F 
AW 7X1 1 7 , 1 7 75>S<Z>X;£|6p\©A*-f TXmmz 

J; 0 . h9IS7 y 1 4 w^fctea^x^ripjicst*. 

[o 0 5 o] zzizmm/s-F/u 7x11 7, i7± 

frtt. mtfTa&£*©#®tt*mjl2 3£tf~LT&i£ 
T-5««Jll 8«>gtrittJ;0t)ii5V>Stn:fil*Wr-5iiSe 

«»i*6i&w<t^as^nfc*F B iM2 i#tKt*&nx 

fp^B2 lilt> HMHft&«fr>ttS lfc£<lb£ 
ffl^fc*#Kfc3u BfHB#«tt«W» 2 3 A— H A*-f 
7X1 1 7 t«@B 1 8 i:<OffliZlfttE2ltrzJ5l>W£L 

»«fiI2 3*%Hi 1 #l*JiC o P t 
£*V5A — HA< 7X1 1 7i> Kft^fc-S^ttS i ffc 

fcfc'U WI2 lttT, Wfc^j 

B«rfB#68tt«»S 2 3£tf-ft£-l2r& <T *><k 
[00 5 1] ffi(iB*^B2 1 ^etfifc-r^iS 

JgtfrtmiCtt, TaSi0 2 , TaSi, C r S i Oj. 
CrSi, WSi, WS iOj. T i N, TaN©5^ 

[0 0 5 2] S7c*fiWT«> S9IBtpF B 1S2 1 ^IgfiET 

z>&mttmz\z. A 1 2O3, S i o 2 , T i 2 o 3 > T i 

O, WO, AIR Si 3N4. B 4 C SiC, S i A 

1 oN<Dot,^-rnfrim<nmmm3irciZ2m&>±e>m 

[0053] j tVTmnz7iiT£5izmm< : t i mm2 i± 
\zit, t &i3.nv>ttm.&vmm2 4, 24^1x11 

118 *tM$tl. *^?«T«Btll2SSB 1 8 Ifi&WR 
mrnVTzZotZ, H1f2 1 iLTSS^fc-S^ttS i 

#)Stt«fH 24Jffl^Tfeffl^!S:<T i bi:^^ 
[0 0 54] *^^T*«WIBm®S 1 8 tf^/fffil 161 

mmmm 1 8 t&mm 1 6 t^iim^^nfcttffiic^ 
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Cr (?oA) &£-?&j£3ttTfr>£. 
[0 0 5 5] ^<D<t5fC*^T«, A— F/Vf 

1 7 tmas i 8 top B itc> aummmrn i 8 £ o 
sEsnfct&n 2 1 ^M^nx^5©-c, mmmmm 

I 8 »^<D-fe>X^tSttv A— KAM" 7X1 1 7 'v-Sfttl 
IC<<. fftiEA-FA'-f 7^11 7^©-tr>X«ffiE©# 

co o 5 6] fut^iTii. iftiams® i sa^e 
in 8^e.©-fe>xmsi!tt, ^bfc«t'm»2i©# 

mi 6<^ffin2>&oizt3.K) % umztt^x* 

[0 0 5 7] £fcS£m#©[6)-ttt> SilfSmffiJI 18* 
e>©-fe>X*SS#> ^JBffill 6 ©£lc#fi8ttS«jt 1 3 

[0 0 5 8] fiSmSSiS&mtt. @5£fi&teJf 1 2, #l8tt 

itii 3Rzfy>)-m&mi 4©3ST5g»^n5. 
i^i^llili 2©«ft:tt0*Y75faK:@5&8ft;£ 
tl» £fc 7 U -fiSttS 1 4 ©BHfcte h77f *§7j ft (0 

7 U -SBttB 1 4 ©fiBft^fl-SMBIMcfcrb^ 

dtJCtO. 7 'J -8ttl 1 4 tl^iBttl 1 2 ©5 

tfi#*JB 1 3 <b@5tfiBttJI 1 2 <h©#ffl. 

mmmi 3t7U-ittii 4to^itMSiei/ 

[0 0 5 9] *^^"Ctt. 01IC^T«t5lC, ^jmri 
6±{C*t:«gHl 8A^«$tXT^fiE$n> MfB^JI 

II 6±(9iill 8d^#lll 6^-k>X«tS*«ltt 

Wfttt. #111 6©5*i> #IttStll 3©±»Tf 
»-57U-«ttll 2tcfc8Kn-5^, tttcttfftO'JvS" 

[0060] ^mcttu #j*.fc£0 1 2 ic^-rf£*©ra 
fses8^e.©-fe>x«ss*^ a 

7J(pJ) A»6«IC*)IBt9rt'>w*n*«k'5k:a:t>T^*. 

il3©*&^f. E3£«teJIi> B£8ttM2fttf7 
u -m&m 4 ic-tn-ena* u 

[0 0 6 1] £?T*£ntC&l?«flB&&&&M&*H !1 <Z> 

*c. &\z#m&mmmi 3iz±>xmm^Lm^tz 



[0062] *>mm 2 1 s«»t&c: t 

jc«to> mz&mmi 6 ±izmvTi&tiL2tiznmm 1 

8©SftfeiP$h 2£3< LTfe. UtrffimSlg 1 8 d> 6 © 
•fe>xmSStt» A-HA-f7Xll 7^»»UIC< <. 

gaemrai 8*^111 6 ^attwic-t 

[0 0 6 3] ^©«tp»C*5SWCtt, #§11 6±le& 
Lt^^nstSl 1 8 ©«ftUP£ h 2 &m< 
tSOT. MBBtSJIl 8±fflt£-JfBll 6Jtffi£©H 
©©M«/Jn^<. Lfc#oT\ flMBttSJIl 8JbA>&# 
111 &±\Zfr»-CMtfi.ZftZ>±&*W7mi 9©X 

[0 0 6 4] i:C5T#II16±l:fail8S<!:C: 

m 1 tc*r«t 3 ic^ii 1 6 (Dtpfuz&m-rzm^iiiT 

2©®«li. SSffiSETJ&D. ^©JllBIT&oT. 4€ 

[0065] mmmmm&E-c\z. i^sttii 2 ©is 
ft:**. 3iiiEJc0^Y7jrSitc@^^n. t*^7'j-iBtt 
114 ©«ift:**jSiE»c0^x*t6»cfijA snxfe o , a 

JtBBttJi 1 1 «t7U-«ttS 1 4©BSft:**ia3^re^tca& 
■£>,, ftTC0iSi«ETIl fBfil«E^A^©nSBe 
I^ICW U Sf||27 ij -®ttS 1 4 ®Bft:*i«ft& < £i* 

[0 0 6 6] EftKfcfU fWi2^a®*£E©P5ffl!ltC&m 
-r^^SM^D, DTI1 i^ltll 2&tf:7'J-SB 
ttgl 4©fi&<fbJ<, A — KA-f 7X1 1 7^e,©fi8ft:© 
Mi27 U 1 4 ©«ft:tt. 

mmzm,&mviz< <foTM. -r«t>-&7aKiH« 

[0 0 6 7] *^-e«, #Hl 6fC*5l-t^^S®S 
E©(a^J-j*T2, RtPF^S^D, D©*S^fte$r. ±^ 
LfcV-fi/Dh77f7D7T'f;l'i£ (01 1#R8) (C 

[0068] s 1 t^r«fc 5 iznmm 1 8 

WI5*-H1 6©^®SD±tC$TT3©i(iS^-ffi 
-CM«SnT«fS5tlT^-5. * ifcgiFffi«e@ 1 8 leg 

T*iaiS^nfc7t#Wh^y^ifg^«0-Tw (Optical 
read track width) tLT^iSn^ 
[0 0 6 9] *fc±Ij!)5«gl 1 8 Kg:btlTfc^!S« 

®igE©*S^ri£T2#, HKWIC h7yi?<ii:l/Til 
C©*S^ST2«K^Wh7>V^*S^ftM-Tw 
(Magnetic read track width) 

m nz*?nmM-?te. 3tfWh7^(stso-T 
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[0070] z.<D£.o\z*m\-&*~ &mmi &±iz* 

-/t-5y^Sft5tSil 8#, T^SD±£T-M 

tf3*vrjgj££nT^-5>. bfc^ox. wiemsB i 8 

[0 0 7 1] ^{CTt^Wh^-y^^ffiO-Twt^ft 

[0072] &*30 1 tc^-rn^ma. mmm 1 8 

IB*«118tt. ^{C^F®®^D, D$aoTl^< 
gM£E<D*8^-J£T2 (=«mWh^-V^*§M-Tw) i 

[0 0 7 3] ^111 6 0±®(CMtfStlT^fiE$nfc 

ztztb. ±me>j:o\z. mmmzm%mm%k*%w\s 
nz>mmmi£E±\z2i-e*>nmmi stwi&zntzm-s 

fctt, till 8d«a^KSo&S5»«)®«®«EIC-fe 

mvmz&mm&E lt l * v z. t izk k, , 

[0 0 7 4] 0 2 (C^TX If >/W:/£lf lft*?0>£Mi 

I2 2H @i i:stxt>n;^l»Iif»#il 

1 ewasrons^jSSfcLfcfccD-e*?)., o£D. 02 
-m> Ttfsll 9©-hic7'j-8M4li 4. 

in, H^gittJi 12.. RzfK&m&m 2 0 tm®. V 

[0 0 7 5] CW^JSWCfe^Tte. 0 2 tCTfc-r^HEi 

2 2 ©7 U-fi8ttil 1 4 tt. K3$SH41 2 0 <fc 0 fcT^ 
{CJgfigSnT^-5fcae)tC, A-K/H77117, 17 

ttl l 4©fiBftte^KX^fat;:^A6n3. ctilcJ: 

[0 0 7 6] *VTZ\<Z>nmM\Zi3^Xh. HBA-H 
A-f 7X1 1 7 tttS© 1 8 -hORSJlCtt. fffliE®®! 1 

mxmm^ntz^mm 2 1 AtKtt&nx* a- ka-t t 

XI 1 7^©^>X«^©#ffi£8Hffll/Tl<>3,, &*>0 



l&RWC. MG4>mJB2 10>±TlCtt. Ta^i*TJg 
j$£nfc?iH81&tmJI2 3. 2 4«*R»t&nTt>Tt»J: 

[00 7 7] £fcii3fB®@l 1 8 tt. £JMR 2 2±l:$ 

8 »i. #1BI 2 2 OTiltD _k£TT 5 CDii-STM 

[0 0 7 8] £®%lgffl-?tt, ^lBI2 2ai. TttA>6 

y u 1 4 , #m&mnm 1 3 . Biases 1 

2, RtfK3£&ttl2 0O«fc«IMSnTV>S<D-t?, fit 
HB2HK2 2±fr^3nfcSSJBl 8^e>«0iH#«tt 

3\z$ntiz>±>xmm3~ mmftm&mnmi 

3 «tD fc±lT&£@)efiBtel 1 2 StfficSgfiBttl 2 0 

ma. #st^tn 3©±«ic7'j-mttsi 4od^ 
*«snfe@ 1 iz*-rmmm<Dm&izit'<ig.T?z>m 

[0079] isfrvt3.&z>z\<z>mmm<»mei\zi$^T 

*>. A- hVVf 7X1 1 7 <h«gl 1 8 icOffllC + RSJl 
2 ldSMsnt. S3ieA— KM7X11 7^©-fe> 

xnffi<D#ffite$iffl2ti. £ e tcMrtaasi 1 8 \tg>m 

Jg|2 2JitCSTMfi$nT0^©T?, saiBmsn 8ri> 

e*aiB#5-ia2 2^a^w(c-tr>x««i^dS-r^<i:^T 
*»-cs *a» e.. §i2 Kttft&vm^mm&mT \z 

13. B^ttl2&t^R^i411C0lS#T«[lbfc 

[0 0 8 0] 3 5ICW2 1 0. mmM® 

118 ©:£1BI 2 2 \ZMT Zt&temZ h 5 */J%S < T£ 
S*^. MI2«ffill 8Ji®t^lK2 2±Mt<DT£\\Z 

8±^f,#lt2 2±^BE-rS±gS^^y^l7 9© 

[0 0 8 1] S3I1 te©*^BB©^S$t5{i*^© 
^i££ABS®a>e>ji.£:»rffi0-?&5. 03tC*-rxtf 
>/\-;i/^S*K*^tt. Tiftll 9©±tC^$n-5S 
SiH4i3 0^ 0*X*[6]tg<PB)c$n. X*|p|© 
+^T«SaiBK^mttl 3 0 ^tft d 1 fc'tt^Hi L 

T»j«anTna. fnco?§fabfcs«itti3o 

±IC. B^JSttH3 1. #SttSiI3 2. 7U-«tt 
13 3. S«I115*«Sn, TS6119^e.« 
111 5£T©«S#at#MIffi£3 5tLTM*nW 

5. 

[0 0 8 2] *^iTtt. 3 OdtP t -Mn 

V^iHflfaP t -Mn^lCf^KT. X-Mn (tflX 
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it. Pd, I r, Rh, Ru(Dtit*n^lSifctt2a 
&>±<DtcM-C&Z>) "C> <&-5WiP t -Mn-X' (fc 
fc'LX' tt. Pd, I r, Rh, Ru, Au, AgCD^ 

[0 0 8 3] lliJf2@£fiBttl 3 1 43<fctf 7 'J -fi&tiil 3 
311. Ni-Fe (-v5-)l-9d Co (a;^ 

h) , Fe-Co (fit-a/t/l/h) Fe-Co- 
N i£&&£*T^j£3*lT*5 9. iiHe#&«USI*l 3 2 
te, Cu (ffl) ft£(DS^&ffi<D<£^#ratta£S*mT 

[0 0 8 4] -€-LTS3JC^-r«t5«C, @^X^[nI{Cjg 

a^ntMsnfcs^tti 3 o ©s^^t 8 ±a> 

1113 3 tfXfflffilC/WtT, C r^ifC^fiK^nfcigafK 
&UffiftK<h&5&Jg&3 6*<J§^£nT43 9. 
113 6(OJgfi£tCJ:oT, IfeSfiTSA— H/t-f 7X1 3 
7 S/t-f 7X&#£*i;*:;*-B:3 d tatTT* 

[0 0 8 5] s 6 izmm&mm 3 6 ©jiicn mj* c 

o-Pt (a/Wh-S4) S^Co-Cr-Pt 

^&&<h*-tfJ£fi£S*l£:A- 
KA-f7Xl3 7;iWg/£;*ftTH-5. 
[0 0 8 6] C»J;3»C0 3tC*-r*iSW-Ctt, A— H 
A-f 7X1 3 7 3 0 JifCJgJ&Sn. 7 'J 

-mtti 3 3 <Dmmtzm^nr^^<D/\- n/t-f 7x 
137 ©Bt^tt.. m 1 2 ic^-rx \£>/vizrm 

3 l£A— HA-f 7X1 3 7 #><±><DA-f 7X«|fSr3fe^(C 

[0 0 8 7] SAciaiBA- HA-f 7X1 3 7, 3 7 ±lc 
tt. Ta&£<Z>#fiBft*mi2 5, 2 5^LT, ttff 

1.3 9©fitaffl«kO : bils^«fetffl**-rsii5«fiT:«^* 

(0+K13 8©±ICTa&£<D#^te«*412 6, 2 6 
S^l/TT a-^C r f3.ii~CJ&l$.£tl1t1gMM 3 9 , 3 9 

[0 0 8 8] ClWJIigCTlCiJ^TfcA— HAW 7X13 
7 £1@1 3 9 iWfUJI;:. i£5&tfi#fsf&&^tt|feitfm 
T-^JE£^nfc4"^13 8^s8Cj-^vl<»:T, -fe>X*Sit© 
A- H/t-f 7X13 7^<Dfttft*Wffl-e%. L^feWie 
1&13 9te£lffil3 5±tSTSHSnTM^nT 
^5</>T, MU&mWkS 5±(CTil^lK3 5 <ttt@ 

13 9£&mmwmiz-c2. tot, itfiia^iBi 3 5 ± 

©1113 9*^113 5^. A — H/t-f 7X1 3 7 
ifi&tol;:-t>XS8££5S-r ?S± 

[0 0 8 9] Sfe@3JC*-r«fcpC *i^i£T9©^l 
135 E T& K> . *s^j£T 1 0 



1 3 9 <D-t >x m$a zmetm®. e icgstM icss-r c 

[0 0 9 0] £fc@3-m. 1^1183 5±lCjgj££n-5 

o <&fib*&4-&T 1 1 -cmf&ztiT^ztf. aumnmrn 

[0 0 9 1] @3<Dcfc5K. ^-1^3 5±tC^fiE$n^. 
Tw*i. ±1^1113 9tca^nT^^l^S®«E 

[0092] £.frz.<Dnmm\z&^Tb, tpmm3 8<?> 
#fttccb o . wiei&i 3 9 ©#iigi 3 5 \zM-rztm 

JP^h 6*/jN^<Tg--5*6, HilfB«S13 9±ffit# 

113 5±ffit©K(C^$n^S«^/h$<T?#. b 
TMfBttffil 3 9 ^#11 3 5 ±Af(£T5 

±^t7/17 gcDX^^^/tU-^^rl^Ji^ItT 

[0 0 9 3] @4(1 te©#fgipi©l8Jalg^*^0> 
#!jt£ABS®*e,Ji.;fcl&rffi0-e&-5. d0>Xfcf>A/l/ 
iTWeisfl^tt. 7U-Ittl4 4W«!:l/T. ^© 

±.T\zw&.mmm 4 3 . 45. itn4i4 2, 4 

6, R^iiftl4 1, 4 7*t^fie$nfc, tr>t>4>« 

9. si^^b0 3fc^-rxe>A/p^»^^ (-> 

>^/UXtf>A/l'^'S^^T<i:l^tfn^) .fcDfci^ 

^nTti-51^T»ll 9t, gt>±<ffilt^SnTVi 
1 5TffeO, Till 9*^§tll 5* 
T©«lft;l:J:oTlHl4 8*^j«$tiTV^. 

[0 0 9 4] SSH414 1 , 4 7*<P t 

-Mn (e&-T>#» ^^ICtO^^tlT^ 
^. a&-5^ttB9IBP t -Mn"&&fCftxT\ X-Mn 

(fz.tzL.Xit. Pd, I r, Rh, Ru<D^Ttl*ia 
*fett2aW±©7C^T^-2>) -?> WWiPt-Mn 
-X' (it^cbX' Pd, I r. Rh, Ru, A 

u, Ag<D^-rnfrim£.tzit2mu±<D7tmT'3r,z>) 
[ 0 0 9 5 ] mmmfem&m 4 2 , 4 eijcfctf^u-m 

ttl4 4tt. Ni-Fe (ziy^r)U-m Co 
(3A/H-) , Fe-Co (fit- 3 A/I/ h) Fe 
-Co-Ni^Mi*TMStiT*0. H9l2#lKtt^ 

114 3, 4 511 Cu m) ^t'<Dm^gSt»{S^# 
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[0 0 9 6] 04tC^-r«fcp(C. #IS4 8©M«C 

OA-K/H7XI4 9, 4 9ll^lfCo-Pt (3 
A'JP b - 6&) Ste^C o - C r - P t (=i/Vl \—9 

[0 0 9 7] BtrteA- KA*-f 7Xi 4 9, 49 tt@*X 

AW7XI4 9, 4 9!&*e><DX:#r6pMD/'H' 7X-«#»C 
<fc 0 . KUB? U -mttB 4 4 <OflBMb»'B^X^ic«A. 

[0 0 9 8] ttBA— HAW 7X14 9, 4 9 ©±JC 
«, Ta&t*0*i8tt»»B2 7 1 2 7^LT. 
fJTaSiOj, TaSh C r S i O;, CrSi, W 
Si.WSiOz.TiN, T a N£c £<DWs&M 5 1. 

tittA 1 2O3. S i02. T i 2O3. T i O, WO. A 
IN. Si 3 N 4 . B4C. S i C. SiAlONfti'ffl 

tm*tm-cmtft2nit*mm so, so ^M^nx* 

0. tillBtfPBie 5 0 , 5 0O±i:. Ta&£*CD#fiBt£# 

2 8^bT. Ta4>C r^:t*T?^$nit 
1SI5 1, 5 1 #tJMK£tlTfr*«. £fcI?ifB««S5 

1, 5 l«. E4tc^-TJ;5«c^-g^4 8©±®»C*T 

[0 0 9 9] A— KA'f 7Xi49 i«S 

OSr^flE^-Br^^fC. h3IB7\- H/t-f7XJi4 9^<Z> 
^■S^4 8©±®tCSTM(ibT^Lfei<i:-e. MfB 

man 5 i^e#ii4 s^uttswtc-fe^xssssr^-r 

[0 10 0] SfffB^F B 1S 5 0 <D#«EIC 

<fc 9. ^S0I4 8 fC^rTSSffiE 5 1 h 3 £ 

i<LTti, WSftKliflfB^SB 5 l^e,#H4 8^A 
-H/K7XS4 9^^-ffC -fe>X«dSE^^-rc:<i: 

&-czz><D-c. mmmmm 5 1 ±m £&mm 4 8 ±mr$ 

©gM*/h$<-e#. flF.-pTijf(fB«&B5 l±frt>g>m 
SI 4 8 ±l=Jgj«'r.&±&?*y^JI 7 9©X5"^^*A- 

[0101] z.<Dmmmtzi5^xh. mm^mm4 8© 

E t^SS^D*. V-f ^ P h 7 v z 7u y 7 

®i4 8©^»c{4e-r^*§^»Ti 5o>mmte. ®mm 

igtET&O. ^CDiHIT^oT, ^SiT 1 4 

[0 10 2] H9i2@S®^ETtt. l^Sfi4 2, 4 
-JSttB 4 4 ©@ffc*^jE{C@^X^(6]Jcti3A e>nr*5 



0. @5£mi4B4 2, 4 6t7'J-Itti4 4<D®{fc# 

m&mmz&z. ti^Tmmmm^on^mmzM 

U »15tB7U-ai±@4 4©«ft;*^Sfi<^I&L. £ 
(DmikJjfaomffit. @£@gi4 2, 4 6©@5£fi&ft 

[0103] ^wrtt04[c^-r«t5tc, &mm4 s 

T16TItfbTM$tlW5. fi}fB«gS5 1. 5 

i \zmionx^u^mm4 8<D±m<D^mi>m^m 

h77^(6tSO-TwtbT««3nT*0. ±W& 

mmmmms 1 icafonT^&<^s«#E©4i^-a;T 

T^S. CCDSUSWC^HTtt. mtffffifB^BIgU 8 

C<E>»^. ^f»h7 7^0-Twi, & 
g»h77^<BtffiM-Tw (=*&&£{*£ EW^SO 

[0 10 4] &2>^tei!3fB«ffiB5 ltt^K:**** 
D-t£a-?TVv£<TfcJ:<. ^JtttN 8±tcM«$tl 
fcSSB 5 1 ©^i£T 1 5 «. ^®«D«t 0 t>*g< 

txfccfco^fesrm. satBmsss 1 *>■=>©-£ >x«ss 

£. «g[««EfCtS5feWtCCfit-r^<i:^T^, 

[0 10 5] @5H ffi©*56?qic^tt^®^fi6t^)* 
*^SrABS®ffl!J^e.^.fc»f®0T?feS. I5(C*tS 
StSfii555*^^-tt. AMR (amisotropic magnetoresi 
sitive) ^tP¥«ti5>t>©-efeD. T^eiCfiSttB 

(SALS) 5 2. #fiBttB (SHUNTS) 5 3, 68 

^.stfts (mrs) 5 4sr;«ii5 5<Dm\zmmz 
n. -coas<*:d^sa6 1 c©#BBi6i© 

MWCte, A-H/H7XI5 6, 5 6i>mi&-ZtlT^ 
5. m(t3$)CfiSftS 5 2ICtt. NiFeNb^M. 
14153 (CteT a fflt. SSftJglnS 5 4 KttN iFeM 
R, /\- FA-f 7X1 5 6 KIZC o P t &&gtftf. — DS 

[0106] ttflE/N— K/t^f 7X1 5 6 , 5 6©_hlC 
tt. TaSf©«Mfil2 9, 2 9^tT. m 
«T a S i 0 2 . T a S i . C r S i 0 2 . C r S i . W 
S i . WS i O2. T i N. TaN^;fOffil5 8, 

^«A 1 2O3. S i O2. T i 2O3, T i O, WO. A 
IN. Si 3 N 4 . B4C S i C. S i A 1 ONSi'fl) 

&mittm-cMi$.2ntz<pfflm 57, 57 nw&-2ftT& 

0. B(If3*P B 1S5 7, 5 7©±JC. Ta^:t"<D#Ki4« 
^16 2, 6 2^LT, TaSfcliCrSi'TMS 

nfctsi5 8, 5 8i)Wf&istiT^z>. ttmimm 
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ms8, 5 8tt, M5\z7K-fj:oizg>mm6 i<z>±mz 

[0 10 7] ^OAMRifTIl A— KA-f 7X15 

1 5 6 DGBIa&Sil 5 4 iCX^rSJWA-f 7XJ8## 
#;L<E>n3. £-S>lC$K8ttl5 2ri>6amigtal5 4 1c 
@SY*|6]C9/H TXSW^^^ns. G8^J£tal5 
4 IC X#(n] t Y^rffilCDA'-f 7XS#* { #A 6*13 £ £ 1C 
«fc 0 » Smgfctl 5 4 ©fiBli^ffclCtt-r-smfl^fcaiifi 

^tt**-r-5«suc^$n-5o ffi&ttE^o^^i^tt 
e>n5t. siffigtai 5 4 <Dm<tJjft&mtTz> z. t ic 

[0108] *f89]T14, A- FA-f 7X1 5 6 <t*ffi 

TSr^fiE^ii-^Cfr, H3I5A- FA-f 7X1 5 6^<D 
-fc>xmS&<D#8&£tt)f&lTt!?. l^*>fitlfe«@l 5 8 £ 
^116 l©±®lc£TMtfLTJ£f£Lfc£<bT, iftiB 
1115 8^^^116 l^jSS«»C-fe>X*«t*fiit-r 

[0109] mz*mwv\t. ^mme i±\zmLxm 
i&t<tiK.mmms 8fr*>fmm&m%L6 1 ic-t>x*fi&£ 

tzmj&2tiT^z>mn.ts.t?ims4">.ffinz>±>7>nffi.(D 

[0 110] £&#fg9§T14> HtllB^KlS 7<D#£1C 
«fc 0 . £-l§l 6 1 iZttTZmmm 5 8 <D&f&0£ h 4 £ 
f$<LTfc, mlS2mei5 8*^^116 1V\-KA' 
-f 7X15 *S!ilc:-k>x««f$:8ft-rct 

#T#-5©T. WI5«S15 8©^1IB6 1 lC*t-f£& 
MJPSh 4 <fcoTfftf2«ffil5 8±ffi«t# 

116 1 _tHP B l©g:M£/h£ < TUT, (tflfB^Sl 5 8 Ji 

fr*>&mm6 i±.\zmm-z>±.w>*rv7m7 9®xr 

[0111] z.<D$zmm\z&^Th. m^mme 10 
■i )vmz&->-zmg.\s. $ti%&£mm6 KDipgLizfawt 

wth, 05ic^-r«k5ic ^ii6 i±icjgj£$n-& 
mmm 5 8*. ?ii«D±tTitttT 2 1 

[0 1 1 2] S9IE«ffil5 8. 5 8lcS^nx^^C^ 
IK 6 l±ffiW*S^fe*^#Wh7-y^*S^O-Tw 

tu-nesgsnT&o. ±®^Wfemsi 5 8 \zmt>n 



x ^13. ^&&mm e <Di&-*mT 1 9 a*. ®mw v=?y>7 
uxtt, 09^.«tfiiB^iiS6 i±izmi*2nrzmmm5 

814. ^®*£D±£S5£lCgoTH-5. ft 
f«h77^0-Twt, iS®aEffli^ST19 

[0 113] &&Wii!3!5«g!5 8 te^lcTlgi®^ 
D±^goWJS:<Tt)J:<. #1816 1 JilcSfcf^n 
5 8 <D«g^t*£T 2 1 tt. ?RgM*iD 

[0 1 14] #f69J-m, lffifE*&l5 8£r^lBt6 1 
a>5FS5®«DJiSTM«bT^fiKL.feCltlCJ:0. 
®#E©fi&§iJgt»t! 5 4^-b>x«dS*ffi$feWlcfiiE-rc 

[0115] &fc*f^ic*t?&rat&&Btt**?®8 
mjjmz-D\,*Tmm&mmist£&*>m.wrz>. *-T06 
ic^-r j; 3 k:. 7 o ±ic m&s&&mm=?<o&m 

m 7 1 SrfiSBI-f*. **3^C0^.1K7 1 14. HI. 2 (C 

*T*»40H* f>^;^i»ltf0#ll, 0 4 ic 
*f5 i JL7^Xlf>AVP^»K^<D^l^ <&5H 

«0 5 ic^T am R^ro^HKwiri-rn-ra&oTfci: 

* 3 IC^fX tf > A'^^^tt^©* 5 1C. 
SMttl3 OZm*Xljfa\zm< 06 
1C^-T^1K7 l©fflfl®*X-y^>i/TBiJ0«l^©Pg 
"C, S^ttl3 0<Dfi!iffi*B'JO^e»-r«-5J;51CX-y 

*5snt2^iK7 i *. •»^xt>n;i'7iiiif 
* ^> 7^x t >/w7§m&m^<o&mmx'M 

P tMn^&KJ;9Jgfi£T-5;i£» ! $f£U<> SfcliX 
-Mn (fc^bXli. Pd, I r, Rh, RuCHfn 

^ia*fett2ajy 1 ±co7c^-r ! a&-5) $>z>w*p t -m 

n-X' (fcfc'LX' 14. Pd, I r, Rh, Ru, A 

u, Ag©^-rn^ia*ittt2a^±cD7c^Tib-5) 

zi*2>\ztemmmzM-r&&&$>z>. 
[oii6] ^isT^-tb. mi nz^-rjzotz. &mm 
<Dmm\z<D%-/\- h A*-r 7xit«si*^fiK$nfc«e 

3tE^ (0iJ^.l4Sl 2 #18!) ©fi8»efitS!im^S:ffltK 
H oa^g^i*^©^lK©±®<D^^-ft ASr^ 

mmmzTmjtrz. mz. mmmm.&tn%>mmT*. 
$> zm^&mm $nfca/M~7 7?±Th7 7^ ta^isi 

S7CtB*0 5 0 %^±roS^tli7J*^T^±ffiro<i 
-+S*iB<7)^Sr^«ffi«Et. «7Ctil7j05 0 %£TF 
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[0 117] C©S9^*JcS^#, -v-fZah^y? 

m^mc&%mvti.&t>, &mm7 i±icj7 v*7m 

l/yXM7 2ICte, •€-OTffi»C^)Oi5 s *-gB7 2 a, 7 
2a*5M$nT^5^, r©S)0ji#-SB7 2 a, 7 2 
ate, ^Il7 1©p%, ^®^D±IC^$n-5«fc 
^Bffil7 l<D5*,®S®^E©±JCtt, HflfBL- 

>?x hjf 7 2W$e.±izwt>nrzVimzi,Ti$<o 
[0118] mzm 7 tcTivrig-etiu x^^>^{c± 

0#II7 l©jBaffl!l£B'JD&#-> Se.(C08tC*f xs 
-m, M£^1I7 l©MWC/\-F/\W7XJf 7 3, 
7 3Mit^. #f£9i-ett> :©A-FW7717 
3 , 7 3 (DJ&lgi&tWJIl 7 6 , 7 5 ©fiSBiOfS 

D>yXD-X/V^S, J55W13U^— >a >X/1 

[0 119] 0 8 fcSTJ: -5 tC^WTtt, ^117 1 
CDJ£jjfc£nfcS«7 0£\ A-K/H7Xi7 3 0M^ 

T»j«anfc^-y v v i 4 iztti>mmj5\tmzm&. z. 

tl\Z <k 0 09 fcf-f :* > t* - A X A >y ^ i£ 4 ffl l» -5 c: t 

§7 &mm7 i±izm 

f&ZtlfcUiSX hS7 2<nmr>^^7 2 a, 7 2 aft 
/\-H/H7Xi7 3#A0^TM^n5^t 
fc:fe0 8 tC^-T J: 5 tC, l/v'XH7 2±i;t) 
ME/N-HW 7X1 7 3 t.mKMj&<Dm7 3 a;W£j£ 

[0 12 0] £<=>»C, StrlH^-yu/ h 7 4£, WAfcfT 
a S i 02, TaSi, C r S i O2, CrSi, WS 
i . WS i 0 2 . TiN. TaN&t*c£i«g£i*m, & 

1 2O3, SiOz. T i 2O3, T i O, WO, 
A1N, Si 3N4, B4C. S iC, S i A 1 ONtet* 

KA'-f7Xl7 3 ) 7 3±IC, W7 6, 7 6SW 
T5. £<Z>ffP B 1Jl7 6*>, ;\-KA , '1'7Xi7 3t^ 

k> &mm7 i±.\zmrftztifzi'i;7>hm7 2<dwk>& 

fr&7 2 a, 7 2aftl;, AD^TK^M^i^ 

mm*>mm7 6 tni;M©i7 6 aat«^£n£. 

[0121] ^^09(C*-rXgTtt, lfflf2£Jf®i7 1 
J^b^ii?)^r(6l^eMI2+F4^7 6±ClgI7 5 £f£ 
ML, ^WfS. lWie«g/f 7 5 ^Jf El 7 1 ±tC^tt 

^nfemrisu-^x h/17 2©T®fc^figsnfc^)0^ 

SB 7 2 art(C*-Cfi£K-r^>. 

[0 12 2] MZ.im 9 IC^-T J; 5 ^»Ei7 1 **J§* 
fi£$nfcSS7 0fc*tU HSJI7 5©ffl)«TMSn 
1z9—?»j V 7 8K#Lg«7 0 £&#>lCflSttTlHli|E£ 



5 4A-K/H7X17 3±(C^K-TS. & 

tbj3\p\fribKrtv*iznz> < m.®m7 5«u *p B iJi7 6± 
w^e>-r, ^ii7 KDitM^ntuvxn? 

^, mmmr)^^7 2 a^\z^.m^ntzmmm7 5 
a. &mm7 1 <D7Fmmm.T>±zmo&m\z!$.mi*n 

[0 12 3] -E-UT01 0 lC^-Tlie"Cte, S9l:St 
l/yXM7 2^ l^Xhf^Sf&£ffl^&a*<E>>JXh 
*7fc:J:oTI*5SU cntCioT^-Jl^ l©^* 
®ffi«D±IC*T-«®®7 5 ^fig^^nfciS^fitrC^* 

[0 12 4] 

mwomg;] Ei±mmvrz*mmz&nte. a-ka 
•f T7>mtnmmi:<Dffl\z. nmmsm^oh^&tn 

[0125] BatB+^Bo^ftJci 
0, mmmmm(o&mmiz*i-rz>mmMt!$:m<-vzz> 

[0126] $6fc*^Bj-ett, BtriE^B^±t^— a* 
<D*&&tt\z£&zmnmzm^ig.in%}% : zmftvnz> 

m&mmzfe!!cmz±;>xnffi*:ffi.-?Z\i:&-VZ, ft-D 

[0®offi^se^] 

[0 1 ] *%w<vm 1 ^JS»^<DiamefiiS6**T©«i 
im 2 ] *%w<Dm 2 ms^ii^^fi^mmT©^ 

[0 3 ] *&WV>m 3 ^JSPIg©®^S^*^<D«l 

[04] *&w<Dm4mmMm<D&m.m.m%>mmir<Dm 
[0 5] *%w(D^5Hjs^©jsmam«im^c>^ 
[06] *&wiz&wzmfei.mi®gkmTc>mmfim$: 

[07] 0 6<DXS©^(CfTt>n^-ie0, 
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[08] 0 7 <DX&<D'AlZfft>tlZ-Xmm. 

[09] 0 8cDxg©^icfft>n-5— iea 

[010] 09CDIg<D#l;:fr*>n5-Ig0, 
[011] S8ti&ffi&m*TcD#JSIgtc£#^gfgi** 
E t^^D©jHS*i4Sr^-rai^0. 

[0 1 2 ] sg i <Dft&<Dmm.&mbmm?<Dmi& : £7f:? 

gP#»r®0, 

[0 1 3 ] % 2 ©^©smfitn^^ <r>m& 



20, 30, 4 1, 47 

12, 3 1, 4 2. 46 

13, 32, 43, 45 

14, 3 3, 4 4 
1 6, 2 2, 3 5, 4 8. 6 1, 7 1 



1 7. 3 7. 4 9. 
18. 3 9. 5 1. 

2 1. 3 8, 5 0, 

3 6 
5 2 
5 3 
5 4 
7 2 



5 6. 7 3 
5 8.75 
5 7,76 



&m&m (sali) 

#fiBttJl (SHUNTS) 
SMaStaJf (MRI) 

7 2a <ZJD&*8& 

7 4, 7 7, 7 8 h 

D Ttm/feM. 

e mm.rn.rn 

M-Tw m§5.#3h7yi?m^1£ 
O-Tw %¥tth??4?46Th£ 



[01] 




M-Tw 



[0 5] 



■ n °-ir a 



79 




M-Tw 
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[0 2] 

@2 




[03] 
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[04] 

04 
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[013] 



mi3 
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